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FLYING PERIODS AND OVIPOSITION OF CABBAGE 
ROOT FLIES IN SOUTHERN AND CENTRAL FINLAND 
I. HAVUKKALA, J.K. HOLOPAINEN and M. VIRTANEN 
HAVUKKALA, I., HOLOPAINEN, J.K. & VIRTANEN, M. 1984. Flying 
periods and oviposition of cabbage root flies in southern and central Finland. 
Ann. Agric. Fenn. 22: 1-7. (Inst. of Pest Investigation, Agric. Res. Centre, SF=31600 
Jokioinen, Finland.) 
Adult fly populations of Delia radicum (L.) and Delia floralis Fall. (Anthomyiidae) 
were monitored using yellow water traps and egg 'samples collected in souLhern 
(60°N) and central (63°N) Finland in 1981-1983. 
Weather markedly influenced the emergence pattern and flying activity of .both 
species. Intense oviposition can be expected after prolonged spells of unfavourable 
weather (low temperatures, rain or strong winds). When the spring is warm the 1 st 
generation of D. radicum appears in the last two weeks of May in southern Finland. 
In 1981 the 1 st generation of D. radicum was more abundant than the 2nd, but in 
1982 the opposite was true. The oviposition of D. radicum was very scanty in central 
Finland in 1981. In southern Finland the first generation of D. radicum may oviposit 
on rape, which may be a reservoir for this pest. 
D. floralis had a longer flying period, from the beginning of July to the end of 
August. Further north, in central Finland its oviposition period was shorter, from 
the end of July to the end of August. 
The fly populations varied greatly seasonally, between generations and years, as 
well as between localities. The implications of the population phenology and the 
effect of weather on the timing of various control measures is discussed. 
Index words: cabbage root fly, Anthomyiidae, Delia radicum, Delia floralis, flying 
periocls,, oviposition, cabbage, swede, rape, reservoir, weather effects, population 
dynamics. 
INTRODUCTION 
Cabbage root flies, Delia radicum (L). and D. 
floralis Fall. are serious pests of crucifer 
vegetables in Finland (VARIS and TIITTANEN 
1982). For the development of non-chemical, 
biological and integrated control methods it is 
important to know the phenology and oviposi-
tion periods of these pests. This information 
would also be useful in constructing an 
eventual prognosis system in order to reduce 
unnecessary insecticide applications. In Finland 
the cabbage root maggots of the first gener-
ation of D. radicum are mainly controlled 
preventively at the time_of planting. 
Reports on the seasonal occurrence of 
cabbage root flies in northern latitudes are few. 
KANERVO (1954) published egg counts of fort- 
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nightly samples from the years 1941 and 1945-
1949, but without information on the weather 
during the respective summers. VARIS (1967) 
published data on the emergence of field-
collected pupae reared outdoors in 1958-1962, 
along with temperature curves. 
In this paper we report on the flight and 
oviposition periods of cabbage root flies in 
1981 in southern and central Finland and in 
1982-3 in southern Finland, with notes on the 
effect of weather on population dynamics and 
crop damage. 
MATERIAL AND METHODS 
The study area in the south of Finland in 
1981-1982 was at the Agricultural Research 
Centre in Vantaa (Grid 27° E 668:39, latitude 
60°15' N). The site' s in central Finland were in 
the Botanical Gardens, University of Kuopio 
(696:53, 62°54' N) 'and in Leppävirta (694:53), 
15 km from Kuopio. The weather data is from 
the meteorological stations in Helsinki, Jokioi-
nen and Kuopio (ANON. 1981, 1982, 1983). In 
1981 a plot of 21 by 21 cabbage plants (early 
maturing variety Ditmarsker Midi Enkona) was 
planted on June 6. Details of the planting site 
are given in HAVUKKALA (1982a). In 1982 a 
larger plot (32 by 32 plants) was established on 
June 5 50 metres from the 1981 site. In 1983 a 
similar plot was planted in Jokioinen on June 4, 
situated 10 metres from the northern edge of a 
fallow field. In Lep'pävirta the site was a 3-are 
plot of cabbage variety Futura, planted on June 
9 and in Kuopio a 2-are plot of variety 
Ditmarsker Midi Enkona planted on June 3. 
In Vantaa cabbage root flies were trapped 
using standard yellow water traps 6 cm high 
and 15 cm in diameter painted fluorescent 
yellow and filled with water containing deter-
gent (cf. FINCH and SKINNER 1974). In 1981 
an arrangement of 25 traps set in a square was 
used (HAVUKKALA 1982 b). The distance be- 
tween the traps was 5 metres, since this has 
been found to be the maximum effective zone 
of visual responses to ANC-baited traps 
(FiNcH et al. 1980). In May the traps were at 
the cabbage plot; after planting the traps were 
moved away 50 metres, towards a fallow field. 
In 1982 two rows of five traps 5 metres apart 
were used for fly monitoring. One trap row was 
50 metres away from the cabbage plot, the 
other 150 metres away. In 1983 10 traps 5 
metres apart and 50 metres away from the plot 
were used for monitoring. To save time only 
the males were determined as to species. 
Eggs were collected in Vantaa, Jokioinen, 
Kuopio and Leppävirta at 2-4 day intervals by 
removing soil to a depth of 2 cm within a 
radius of 5 cm of the plant stem and extracting 
the eggs by the flotation method (HuGHEs and 
SALTER 1959); 15-20 plants were sampled at a 
time. Some additional material was collected 
from two farms in Suonenjoki, central Finland 
(694:50), one conventionally cultivated farm 
with 50 ares of the late maturing variety 'Blue 
Top' and the other an organically managed 
farm with 1 are of mainly the variety 'Länsi-
pohja'. For a more detailed description of the 
farms, see HOLOPAINEN (1983). 
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RESULTS 
The daily maximum temperature and precipita-
tion clearly affected the yellow trap catches in 
southern Finland (Figs. 1-3). In 1981 in 
Vantaa May was warm and the peak of the first 
generation of D. radicum occurred on May 30 
(Fig. 1). Later on the very rainy and cold 
weather in June reduced the catches markedly. 
The dry and warm period at the beginning of 
July coincided with the first population peak of 
D. floralis, which occurred in much lower 
numbers than the 1 st generation of D. radicum. 
The second generation of the latter was very 
small. 
In 1982 the weather was again favourable for 
the early emergence of D. radicum at the end of 
May, but in June cold weather reduced the 
numbers of flies caught (Fig. 2). The catches 
were c. one third of the level in 1981. D. floralis 
started its flight c. one week earlier than in 
1981 and was trapped in much higher numbers 
than the lst generation of D. radicum. The low 
catches between the July 9 and 25 were due to 
the strong winds at that time, although the 
weather was otherwise favourable. The 2nd 
generation of D. radicum was much more  
numerous than the previous year, reaching its 
peak at the end of July. 
In 1983 in Jokioinen the first generation of 
D. radicum was small and occurred later than 
the previous years due to the cool spring, but 
the 2nd generation was more'numerous than D. 
floralis (Fig. 3). 
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Fig. 2. Catches of 'male cabbage root flies from standard 
yellow water traps in southern Finland in 1982, with daily 
precipitation and maximum air temperatures. 
Fig. 1. Catches of male cabbage root flies from standard 
yellow water traps in southern Finland in 1981, with daily 
precipitation and maximum air temperatures. 
Fig. 3. Catches of male cabbage root flies from standard 
yellow water traps in southern Finland in 1983, with daily 
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The oviposition of D. radicum was at a low 
level in June 1981, with occasional peaks on 
rainless days (Fig. 4). Only after the emergence 
of the D. floralis population were eggs found in 
larger numbers. In 1982 the lst generation of D. 
radicum again laid few eggs on cabbage. At the 
end of June a random sample of 100 rape roots 
from a nearby field in Vantaa contained a total 
of 28 D. radicum larvae on 16 plants. The 
numbers of D. floralis eggs oviposited on 
cabbage were more than ten times the previous 
year, up to 100 eggs/plant. In 1983 the peak of 
oviposition occurred later in the summer, 
coinciding with a warm and rainless period at 
the beginning of August. 
Fig. 4. Oviposition of cabbage root flies on cabbage in 
southern Finland in 1981-1983. 
In central Finland, in Kuopio and Leppä-
virta, oviposition was at a rather low level, 
between five and ten eggs/ plant (Fig. 5). 
Samples of these eggs were put into culture, 
and over 95 % of the emerged larvae proved to 
be D. floralis. The peak of oviposition occurred 
in the middle of August. At the two sites in 
Suonenjoki the flies laid many more eggs, up to 
190 eggs/plant at the end of July (Table 1). 
KUOPIO 
åN 
10 	20 	30 	10 	20 	30 	9 	19 	29 	8 
JUNE JULY AUGUST 	SEPT. 
Fig. 5. Oviposition of cabbage root flies on cabbage in 
central Finland in 1981, with daily precipitation and 
maximum air temperatures. 
Table 1. Oviposition of cabbage root flies on an organically 
cultivated (01) and a conventionally cultivated (Cl) farm 
in Suonenjoki. Figures are mean numbers of eggs/plant ± 
S.E. (n = 10). For further details, see text. 
Date Farm 01 Farm Cl 
12. 	VI. 1,3 ± 	0,90 0,2 ± 	0,2" 
18. 	VI. 1,5 ± 	0,6 0,2 ± 	0,2 
28. 	VI. 0,5 ± 	0,2 0,1 ± 	0,1 
2. VII. 0,4 ± 	0,2 0,5 ± 	0,3 
8. VII. 26,3 ± 	7,0 7,2 ± 	2,4 
20. VII. 155,9 ± 47,3 81,7 ± 34,6 
23. VII. 194,0 ± 44,8 140,3 ± 31,6 
31. VII. 63,8 ± 11,8 34,6± 	6,3 
6.VIII. 27,0 ± 12,1 25,7 ± 10,0 
17.VIII. 19,6± 	3,7 14,8± 	6,3 
" n = 5 
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DISCUSSION 
The trap catches of D. radicum males should 
closely reflect the flight activity of females (cf. 
DAPSIS and FERRO 1983, VINCENT and 
STEWART 1983), giving an indication of the 
intensity of oviposition to be expected. The 
same presumably holds true for D. floralis, too. 
Heavy rain may slightly reduce the attract-
ivity of the trap when mud splashes on the 
lower outside edge of the vessel, and covers 
some of the attractive yellow colour. However, 
the large inner surface area remains clean and 
thus make this effect negligible. The traps were 
also cleaned every 2-3 days during rainy 
periods. On cloudy days the yellow colour is 
slightly less intense, but shis is compensated by 
the increased contrast with the background. 
Low temperatures and windless conditions 
reduce the evaporation of water vapour which 
attracts the flies, but the yellow colour 
accounts for at least 7/8 of the attraction in D. 
radicum (FiNcH & SKINNER 1982). It is con-
cluded that the trap catches are representative 
of the flight activity at the trapping site. 
Weather is an important factor in the timing 
and intensity of egg-laying (ABU YAMAN 1961). 
In June 1981 the low level of oviposition in 
Vantaa was partly due to unfavourable weather, 
partly to the population peak having been 
passed by the planting time. The latter is 
supported by the very low numbers of the 2nd 
generation the same summer. In addition, the 
rainy weather in June provided the young 
seedlings with ample water, reducing wilting 
and helping the plants to compensate for root 
damage (cf. WRIGHT 1953). Therefore the 
mortality of the young seedlings caused by 
cabbage maggots was very low (<0,5 %, 
HAVUKKALA 1983). 
From the practical point of view, after warm 
springs it may be useful to delay planting time, 
if possible, in order to reduce attack. To assess 
the reliability of this pest control method more 
detailed data is needed of the local variation in  
the emergence patterns in relation to tempera-
ture sums (cf. FINCH and COLLIER 1983). 
A sharp rise in the oviposition of D. floralis 
and the 2nd generation of D. radicum can be 
expected after a prolonged period of rain, cold 
or very windy weather. If such periods coincide 
with the expected population peak this might 
be utilized by timing the control measures to 
immediately after such an unfavourable spell of 
weather. This is true in particular of the use of 
ash as an oviposition barrier (HAVUKKALA 
1982 a), as ash is easily washed away by heavy 
rain. Such timing could be useful on swede, 
too, against D. floralis in central Finland, where 
this species cannot be controlled well by 
lindane dressing of seeds (VARis and DALMAN 
1980). 
In 1982 the 1st generation of D. radicum was 
less abundant than the previous year, presum-
ably owing to the small 2nd generation in 1981. 
Although oviposition on cabbage was not 
extensive, the second generation was surpris-
ingly abundant. Apart from weather effects, 
this may have resulted from the oviposition of 
flies at the beginning of the summer on rape 
before the cabbage plants became available. 
MESSELIERE (1982) has recently reported that 
in France winter rape may be a reservoir for 
cabbage root flies, and the crop can even suffer 
heavily from root damage by maggots. 
Even if the cabbage may look healthy, plants 
with five or more cabbage root fly pupae 
already show a reduction of over 10 % in 
cabbage head weight (HAVUKKALA 1983). 
However, in central Finland, where spring 
mortality of young plants due to D. radicum is 
low it will often be possible to obtain 
satisfactory yields of the early maturing 
varieties of cabbage even without control, since 
the small larvae of D. floralis do not have time 
to affect the growth of plants too much before 
cropping. 
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SELOSTUS 
Kaalikärpästen lentoajoista ja muninnasta Etelä- ja Keski-Suomessa 
ILKKA HAVUKKALA, JARMO K. HOLOPAINEN 
ja MARJATTA VIRTANEN 
Maatalouden tutkimuskeskus 
Kaalikärpäsen (Delia radicum) ja ison kaalikärpäsen ( D. 
floralis) esiintymistä ja munintaa seurattiin keltamalja-
pyydysten avulla ja ottamalla maanäytteitä 1981-1983 Ete-
lä-Suomessa (Vantaa, Jokioinen) ja Keski-Suomessa (Kuo-
pio, Leppävirta, Suonenjoki). 
Sää vaikutti suuresti molempien lajien esiintymiseen ja 
munintaan. Pitkien epäedullisten sääjaksojen jälkeen mu-
ninta on usein hyvin runsasta, mikä tulisi ottaa huomioon 
torjunnan ajoittamisessa. 
Kaalikärpäsen ensimmäinen sukupolvi lensi Etelä-Suo-
messa kahtena lämpimänä keväänä jo toukokuun kolman-
nella viikolla. Tällaisina vuosina voi olla mahdollista vähen-
tää kaalikärpästuhoja siirtämällä kaalin taimien istutusta 
myöhäisempään ajankohtaan. Muninnan pääosa rajoittuu 
noin kahden ja puolen viikon ajalle. Etelä-Suomessa kaali-
kärpänen munii myös rap.sille, mikä voi lisätä toisen suku- 
polven esiintymistä jonkin verran. Kaalikärpästä esiintyi 
hyvin vähän Kuopiossa ja Leppävirralla. 
Ison kaalikärpäsen lentoaika Etelä-Suomessa oli pidempi, 
heinäkuun alusta elokuun loppuun; loppukesällä se lentää 
yht'aikaa kaalikärpäsen toisen sukupolven kanssa. Keski-
Suomessa ison kaalikärpäsen lentoaika oli lyhyempi ja alkoi 
heinäkuun loppupuolella. Keski-Suomessa iso kaalikärpä-
nen aloittaa munintansa niin myöhään, että esim. lantun 
siementen peittaus lindaanilla ei enää tehoa toukkiin. Toi-
saalta aikaiset kaalilajikkeet voivat siellä välttyä vioituksel-
ta, jos ne on istutettu kyllin aikaisin. - 
Molempien lajien esiintymisessä on suuria ajallisia ja pai-
kallisia eroja. Kosteusolosuhteet vaikuttavat oleellisesti tu-
hojen ilmenemiseen: sateisena kesänä selviytyvät nuoret 
taimet kuihtumatta sUuristakin kaalikärpästoukkien aiheut-
tamista juuristovaurioista. 
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FEEDING REGIMEN AS A MEANS TO REDUCE THE USE 
OF PROTEIN IN POULTRY PRODUCTION 
TUOMO KIISKINEN 
KIISKINEN, T. 1984. Feeding regimen as a means to reduce the use of protein in 
poultry production. Ann. Agric. Fenn. 23: 8-25. (Agric. Res. Centre, Inst. Anim. 
Husb., 31600 Jokioinen, Finland.) 
Three nutritional experiments were conducted using low energy, low protein (LE-LP) 
diets for replacement chickens and broilers and phased diets for laying hens. The 
LE—LP grower diets contained oats as the sole grain and their supplementary 
protein originated from either fish and soybean meal or pea meal. Two and three-
phase feeding systems were compared with consrant feeding on laying hens. The 
phased diets contained either chiefly fish and soybean meal or domestic protein 
sources as supplementary protein. 
Six different combinations of ME and CP, including two ME:CP ratios (69 and 
62 KJ/g CP) and two supplementary protein compositions were used in the third 
experiment on finishing broiler chicks. 
The dietary treatments during the rearing period had no significant effect on the 
live weight of pullets or their subsequent laying performance. Up to 120 g protein per 
pullet could be saved by using the LE-LP diets (PG0,05). Phased feeding and the 
replacement of imported protein chiefly by domestic protein did not significantly 
affecr the performance of laying hens. The phased feeding systems saved up to 36 g 
protein per kilogram of eggs (P <0,05). The results support the view that phased 
calcium and possibly also phosphorus is useful for egg shell quality. The growth rate 
of broiler chicks was satisfactory on ali the ME—CP combinations. No significant 
differences were ascertained between the two ME:CP ratios and supplementary 
pi-otein treatments. 
Consumption and conversion of feed and ME were higher (P <0,05) on the higher 
ME:CP ratio than on the lower ratio. The results confirm that it is advantageous to 
decrease both the dietary energy and protein level to mainrain the optimum level of 
efficiency. 
The results of the present study suggest that it is possible to maintain a 
satisfactory production level by diluting the diets and by combining their use with 
the production phase. These feeding regimens save mainly protein, which measure can 
be necessary and economic in certain circumtances. 
Index words: replacement chickens, laying hens, broiler chicks, low energy, low 




Studies dealing with ways of reducing of 
poultry feeding costs have become more and 
more important. Numerous feeding tests have 
been cOnducted to determine the level of 
energy and protein needed in a diet for the 
economically optimum performance of poultry 
of a given age. The nutrient requirements of 
the growing White Leghorn pullet are not well 
defined with regard to production goals, which 
are ultimately associated with subsequent 
laying performance. A number of quantitative 
and qualitative feed restriction methods have 
been tested to decrease body weight and to 
delay sexual maturity of the pullets or to 
reduce the cost of feeding and to achieve an 
improvement in subsequent laying performan-
ce. Most of the qualitative restriction studies 
have been performed with either low energy 
(LE) or low protein (LP) diets and only few 
with LE—LP diets (BERG and BEARSE 1958, 
BERG 1959, BULLOCK et al. 1963, LILLIE and 
DENTON 1966, ARMAS et al. 1972, KONDRA et 
al. 1974, PETER et al. 1976, CARLSSON and 
NELSSON 1981). 
Dietary fillers or inert substances like oat 
hulls, wheat bran, alfalfa meal, ground wheat 
straw, sand or kaolin have often been used to 
dilute the diets in these studies. Nutrient 
dilution has not generally given satisfactory 
results in the reduction of body weight or the 
delaying of sexual maturity of the pullet. The 
pullets generally offset the treatment by 
increased consumption when feed is available. 
Sand and clay as dietary fillers have been 
proved to improve the feed and energy 
utilization of poultry (HARms and DAMRON 
1973, HOOGE et al. 1977, OLOUYEIVII et al. 
1978, SELLERS et al. 1980). The use of LE—LP 
diets during the growing period has not 
affected the subsequent laying performance. 
Phased feeding of layers means adjusting the 
dietary nutrient content to correspond with the 
changing production stages. This feeding re- 
gime usually concerns protein because of its 
economic importance, and most of the systems 
used periodically adjust the amounts of protein 
downward and calcium upward during the 
laying cycle. The effect of low protein content 
in the diet during the pr.oductive period of 
laying hens has been reported to have little 
effect on their egg production unless severe 
reductions are made or in particular, if diets are 
supplemented with methionine and lysine 
(OwiNGs 1964, FISHER and MORRIS 1967, 
AITKEN et al. 1973, FERNANDEZ et al. 1973, 
KOLSTAD and LIEN 1974, KASHANI 1976, 
HAMILTON 1978, EL BOUS' HY and MUILWIJK 
1978). There is controversy over whether or 
not layers should be fed constant protein or 
amino acid levels during their whole production 
period or whether a phased feeding programme 
should be used. JENNINGS et al. (1972) 
reported that birds require more protein at the 
end of the laying year than at the beginning to 
sustain a given level of output. According to 
HARMS (1979), the amino acid requirements of 
laying hens do not decrease with age: however, 
the levels of amino acids can be lowered 
because the original recommendations contain-
ed a considerable margin of safety. MC-
NAUGHTON et al. (1980) reported that a 
suitable phased feeding program offers an 
added benefit of decreasing dietary protein 
costs with maximum layer performance. The 
calculations of FEID and MAIORINO (1980) 
refer to a decreased protein requirement as the 
laying period progresses. 
Increasing dietary calcium towards the end 
of the production period is aimed at . improve-
ment of shell quality, and also decreases 
overconsumption of feed. According to OUES-
TERHOUT (1981) phased feeding'of protein and 
calcium saves energy consumed per gram of egg 
and is effective in improving shell quality in 
older hens. It has also been proposed that 
phosphorus should be phase fed (HARmS 1979, 
2 408400402h 
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MIKAELIAN and SELL 1981). 
The highest rate of live weight gain and best 
feed conversion does not necessarily give the 
highest profitability in broiler production. 
Some studies have shown that low-protein 
broiler diets enriched with methionine and 
lysine can ensure ^good, though not maximal, 
performance by the birds (BRETTE and PICARD 
1974, BORNSTEIN and LIPSTEIN 1975, LIP-
STEIN and BORNSTEIN 1975, FONSECA et al. 
1978, PROUDFOOT and HULAN 1978, KORE-
LESKI and RYS 1979). 
In any case the lower protein level means 
better protein conversion (FLACHOWSKY and 
HENNING 1973, KORELASKI and RYS 1979, EL. 
BOUSHY et al. 1979). On the other hand, the 
increased energy :protein ratio increases fat 
deposition in broiler carcasses (FLACHOwsKv  
and jEROCH 1973, FONSECA et al. 1978, 
KIRCHGESSNER et al. 1978, ROBBINS 1981, 
BRAY 1982). 
The present study included three experi-
ments with LE—LP diets. The objects of 
these experiments were to investigate the 
potential for reducing the input of protein and 
the need supplementary protein sources in 
order to improve the economy of poultry 
feeding. This was accomplished by feeding 
LE—LP diets to replacement chickens and 
broiler chicks and phased diets to laying hens. 
The majority or ali fish and soybean meal was 
replaced with domestic protein sources (rape-
seed meal, pea meal, Pekilo SCP product) to 
compare bird responses to the feeding 
regimens. 
MATERIAL AND METHODS 
Animals and management 
Experiment 1. Day-old female White Leg-
horn chicks of a commercial strain (SK 51) were 
randomly distributed into rearing cages in three-
tier batteries. The birds were kept in the middle 
tier for the first six weeks and then divided 
between the three tiers. Seventeen chicks were 
placed in each cage (1 m2). At the end of the 
growing period (18 weeks), pullets were trans-
ferred to cages in the layers' house. The laying 
period lasted approximately eleven months 
(11 x 28 days). The housing conditions during 
both the rearing and laying periods were 
conventional and ,controlled (KiisKINEN 1983 
a). 
Experiment 2. The trial was conducted on 
1260 laying hens (WL, strain SK 51) from 20 to 
68 weeks of age (i.e. twelve periods of 28 days). 
The environmental conditions were as above 
(Expt. 1). 
10 
Experiment 3. 1800 sexed day-old Pilch 
broiler chicks were placed in 36 floor pens with 
50 birds (25 males, 25 females) each (6 m2). The 
chicks were housed for six weeks under the 
conditions described by KIISKINEN (1983 b). 
Experimental design and diets 
Experiment 1. Three main treatments were 
planned for the rearing period (Table 1). The 
control group received 20 % crude protein 
(CP) and 11,0 MJ/kg metabolizable energy 
(ME) in the starter diet (0-6 weeks) and 15 % 
CP and 10,9 MJ/kg ME in the grower diet (7-
18 weeks). Two treatment groups were offered 
diets with reduced levels of ME and CP (LE—
LP 1, LE—LP 2). Both LE—LP groups were 
fed the same starter diet (10 MJ/kg, 18 % CP) 
and different grower diets: 10,1 MJ/kg, 13,5 % 












Table 1. Composition and calculated contents of diets in Expt. 1. 
Starter diets (0-6 weeks) 
Control 	LE-LP') 
Grower diets (6-18 weeks) 
LE-LP 1 LE-LP 2 
Control 	subgroup 1/ subgroup 2 
Layer diet 
Fish meal 























Barley 43,5 28,5 52,4 - 52,7 
Oats 30 40 35 86,7/72,5 85,6/78,5 26 
Rapeseed oil 0,5 0,5 - - - 0,5 
Dicalcium phosphate 1,5 1,5 1,8 2,1 2,1 
Limestone, ground 0,7 0,7 0,5 0,5 0,5 6,5 
Salt 0,35 › 
Vitarnin premix2) 0,17 0,17 0,15 0,15 0,15 0,15 
Mineral premix3) 0,25  
DL-methionine 0,03 -0,03 0,03 0,06/0,10 0,10 0,05 
Sand - 8 _ 4 8 - 
ME MJ/kg 11,0 10,0 10,9 10,1 9,7 10,3 
Crude protein % 20 18 15 13,5 12 15,5 
Methionine % 0,39 0,37 0,30 0,30 0,30 032 
Lysine % 1,13 1,00 0,73 0,65 0,54 0,76 
LE-LP = low energy-low protein 
Supplies per kilogram of starter/grower and layer diet: 17000/15000 11.1 vitarnin A, 
2000/1700 IU vitamin 133, 23/20 mg vitamin E, 1,2/1,0 mg vitamin K, 3,5/3 Mg ri-
boflavin, 1,7/1,5 mg pyridoxine, 20/18 mg niacin, 12/10 pg B12, 0,33/0,3 mg folic 
acid, 550/500 mg choline chloride, 5/5 mg Carophyll yellow (10 %) 
Supplies per kilogram of diet: 20 mg Fe, 45 mg Zn, 50 mg Mn, 4 mg Cu, 0,7 mg 
Co, 0,5 mg I, 0,1 mg Se. 
Table 2. The experimental design of Expt. 2. 
Calculated 
CP (%) 	ME (MJ/kg) 
1 1 20-68 1 15,5 10,6 
2 and 3 2(a) 1 20-44 1 
"(a) 2 45-68 4 and 5 13 9,7 
4 and 5 "(b) 1 20-44 2 and 3 14 10,4 
"(b) 2 45-68 6 and 7 12,5 9,7 
6 and 7 3 1 20-36 1 15,5 10,6 
2 37-52 2 and 3 14,0 10,4 
1, 	I 3 53-68 6 and 7 12,5 9,7 
1) Diet numbers 3, 5 and 7 contained domestic protein supplements. 
2). In addition to this the LE-LP groups were 
devided into two subgroups and given either 
fish and soybean meal (FM-SBM) or pea meal 
(PM) as supplementary protein. The low energy 
concentrations were produced using sand as a 
dilutant and oats as the sole grain. The content 
of PM was 10 or 20 % depending on the dietary 
protein level. The methionine content of the 
grower diets was adjusted to the same level 
regardless of their energy and protein concen-
trations. Each main group included 24 replicate 
cages of 17 chicks in ord;er to check body 
weight and mortality. Feed consumption was 
measured per tier (6 cages), with four replicates 
per main treatment. During the laying period 
12 replicates of 30 hens were.allotted to each of 
the three main rearing treatments. 
Experiment 2. This trial contained four 
main treatments planned according to the 
number of laying phases and dietary contents 
of CP and ME (Table 2). One treatment group 
(1) was fed a constant diet during the whole 
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laying period. The feeding of the other groups 
(2-7) was phased for two or three periods of 
24 and 16 weeks, reducing the dietary CP, ME 
and phosphorus levels and increasing the 
calcium content towards the end of the 
experiment. Two different systems were used 
in two-phase feeding. They differed mainly in 
the dietary protein contents which were 15 and 
13 %, and 14 and 12,5 % during the first and 
second phases, respectively. Ali phased feeding 
treatments consisted of two supplementary 
protein treatments which differed in the 
protein source (Tables 2 and 3). The first 
(groups 2, 4, 6) utilized imported protein 
ingredients (IP) and the second (groups 3, 5, 7) 
used mainly domestic ingredients (DP). 
In the formulation of the diets more oats 
and oat hulls were used to produce the low 
energy concentrations of the diets for the later 
laying phases (Table 3). The increased concen-
tration of limestone also contributed to this 
end. The purpose of the elevated concentration 
of calcium and reduced level of phosphorus in 
the later phases of the diets was to help  
maintain the quality of the egg shells. Each 
group had six replicates of 30 hens each. 
Experiment 3. This experiment on broiler 
chicks was performed at the age of 21-43 days. 
The experimental design included six combina-
tions of ME (MJ/kg) and CP (%) 10,5/15, 
10,5/17, 1151/16, 11,1/18, 11,7/17, 11,7/19 
(Table 4), thus comprising three ME levels and 
two ME:CP ratios (69 and 62 MJ/g protein). 
Each combination also used two different 
compositions of supplementary protein, the 
first consisting of imported protein 
(FM 	SBM = IP) and the second including 
mainly domestic feedstuffs and fish meal (DP). 
Thus the total number of groups was twelve 
with three replicate pens each. During the first 
three weeks ali groups were fed a commercial 
starter feed which contained 22 % CP and 12,6 
MJ ME/kg. 
The ME contents of the finisher diets were 
arranged using different proportions of cereals 
and fat supplements, using oat hulls and wheat 
bran as dilutants. The same supplementary 
level of methionine was used in ali diets. 
Table 3. Composition and calculated contents % of the layer diet in Expt. 2. 










Fish meal 3 2 2 1,5 
Meat and bone 
meal 3 3 3 3 3 2 2 
Soybean meal 7 4 - 3 - 6 - 
Rapeseed meal - - 3,5 4 - 4 
Pea meal - - 2 3 - 4 
Pekilo - 1 - 1 - 1 
Barley 60,5 42 40,5 41,5 40,5 35,3 36 
Oats' 18,5 41 40 40 39,5 41,5 40 
Oat hulls - - 2 5 3 
Rapeseed oil 0,5 0,5 0,5 0,5 0,5 0,5 0,5 
Limestone, 
ground 5,5 5,5 5,5 6,8 6,8 7,5 7,5 
DicalCium 
phosphate 0,5 0,5 0,5 0,2 0,2 0,5 0,5 
Salt 0,4 
Vitamin premixi) 0,5 
Mineral premix1) 0,5 > 
DL-methionine 0,035 0,07 
Methionine calc. 0,30 0,30 0,30 0,28 
Lysine calc. 0,76 0,66 0,59 0,57 
Calcium calc. 2,85 2,85 3,20 3,40 
Avail. phosphorus 
cald. 0,45 0,45 0,40 0,38 
12 	 1) Same supplies as in the layer diet of Expt. 1. 
Table 4. Composition % of the broiler finisher diets (3-6 weeks) in Expt. 3. 
ME MJ/C11 % 
Diet nurnber 
10,5/15 








9 	10 11 
11,7/19 
12 
Fish meal 5 5 4 4 4,5 	4,5 4 	4 4 	4 4 4 
Soybean meal 8 15 11 	- 17,5 	- 15 	- 21 - 
Rapeseed meal 5 10 7,5 12,5 10 _ 12,5 
Pea meal 2 4 3 5 - 	6 - 10 
Pekilo 1 4 3 - 	5 - 	5 _ 8 
Wheat 10 	10 10 	10 20 	20 20 20 
Barley 38 36 42 38 45 	47 45 	40 54,5 	47,7 48 37,3 
Oats 38 35,5 30 27,7 21 	10,5 16 	10,7 - 	- - - 
Wheat bran 10 7 8 - 	6 - 	- - 
Oat hulls 6 4 3 	- 2 	- - - 
Rapeseed oil 1 1,5 1 1,5 1,5 	2,5 1,5 	3 2,5 	3,5 3 4,5 
Dicalc. phosp. 1,6 1,4 1,6 1,4 1,6 	1,4 1,6 	1,4 1,6 	1,4 1,6 1,3 
Limestone, ground 0,8 3.> 
Salt 0,33 
Vitamin premixl) 0,5 
Mineral premix2) 0,5 
DL-methionine 0,07 
Methionine calc. % 0,39 0,40 0,38 0,42 0,40 0,43 
Lysine calc. % 0,83 0,96 0,90 1,02 0,95 1,10 
KJ ME/g protein 69 62 69 62 69 62 
Supplies per kg of diet: 17500 IU vitamin A, 1700 IU vitamin D3, 24 mg vitamin E, 1,5 mg vitaminK, 
3,5 mg riboflavin, 1,5 mg pyridoxine, 22 mg niacin, 15 pg 1312, 0,6 mg folic acid, 500 mg choline 
chloride 
Same supplies as in Expt. 1. 
Measurements and post mortem 
investigations 
Experiment 1. The body weight of chicks was 
recorded as the total weight of the birds in each 
cage (replicate), at one day, six weeks and 12 
and 18 weeks of age. Feed consumption was 
also recorded during the same periods, but the 
measurements were performed per tier (6 
cages). 
Egg production and mortality records were 
maintained on a daily basis and feed consump-
tion and egg weight according to four-week 
periods. The final body weight of the hens was 
measured at 64 weeks of age. The Haugh unit 
and specific gravity of the eggs were measured 
three times at 27, 41 and 63 weeks of age. 
Experiment 2. Egg production, feed con-
sumption and mortality were recorded as in 
Experiment 1. The birds were weighed at 20 
and 68 weeks of age and the egg quality tess ts 
were performed at 26, 46 and 66 weeks of age. 
At the end of the trial, the thyroid glands and 
livers from 30 randomly selected birds from 
each supplementary protein treatment (IP and 
DP) and the abdominal fat from 30 hens each 
from the one and two-phase (2 b) feeding 
treatments were removed and weighed. Ap-
proximately half of the dead birds were sent to 
the National Veterinary Institute for diagnosis. 
Experiment 3. The following traits were 
measured and recorded: total weight of day-old 
chicks per pen; individual weights of chicks at 
three and six weeks of age; feed consumption 
per pen between weighings, total slaughter 
weight of both sexes per pen, mortality and 
incidence of leg weakness per pen, thyroid, liver 
and abdominal fat weight of eight birds and 
predictes value for abdominal fat of 42 birds 
per ME-CP combination by caliper technique 
(PYm and THOMSON 1980).. In the slaughter-
house, eight sample carcasses taken from each 
of three rapeseed meal levels (0, 5-7,5 and 
10-12,5 %) for a taste panel test. The 
carcasses were handled and the test performed 
using 15 tasters as described earlier (KiisKINEN 
1983 b). 
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Analyses, ME determinations and statistics 
Proximate analysis was performed for each 
supplementary protein source and each lot of 
the experimental diets. Amino acid contents of 
the supplementary proteins and a common 
sample of each diet were determined with a gas 
chromatograph (HP 1570). Calcium was analys-
ed with an atomic absorption spectrophotome-
ter and phosphorus with a photometer after a 
colour reaction with ammonium vanadate. 
Total glucosinolates in rapeseed meal were 
determined as their desulphonated silyl deri-
vates using quartz capillary column (50 m, SE 
30, 170-270°C). The analysis was performed 
in the Department of General Chemistry of the 
Faculty of Agriculture and Forestry of the 
University of Helsinki. Tannins in the pea meal 
were analysed using the FOLIN-DENIS method 
in the State Institute of Agricultural Chemistry 
(HERRMANN 1963). The ME concentrations of 
the layers' diets in Experiment 2 were determin-
ed experimentally using difference method of 
total excreta collection (5 hens per diet). 
The data for each experiment were analysed 
using analysis of variance, and differences in 
treatment means were studied by Tukey and t-
test (STEEL and TORRIE 1960). 
RESULTS 
Analyses of ingredients and diets 
Proximate analyses of fish meal revealed that 
its crude protein content was low (55 %) and 
ether extract correspondingly high (12,3 To; 
Table 5). Rapeseed meal also had a relatively 
low content of crude protein (32,6 %) and, 
according to the total content of glucosinolates 
(35,4 pmol/g fat free dm) the RSM used can be 
classified as an HG meal (OLsEN and 
SORENSEN 1980). Pea meal contained 0,7 % 
tannins and the meal apparently derived from 










meal2 ) Pek ilo 
Proximate analysis (%) 
dry matter 86,7 88,5 88,2 88,4 85,7 88,3 
crude protein 55,0 42,0 44,3 32,6 24,2 53,6 
ether extract 12,3 7,4 1,5 4,5 1,1 1,8 
crude fibre - 6,1 12,5 5,8 5,6 
ash 18,9 36,9 5,6 7,1 3,0 3,4 
Amino acids (g/16 gN) 
Methionine 2,1 1,3 1,6 1,9 0,7 1,5 
Cystine 0,6 0,4 1,1 1,3 1,2 0,6 
Lysine 6,1 4,5 6,3 5,7 6,0 6,8 
Arginine 4,5 7,6 7,8 5,9 8,5 6,6 
Histidine 1,5 1,0 2,2 2,0 2,9 2,2 
Leucine 7,0 5,7 7,8 7,2 6,4 6,9 
Isoleucine 4,0 2,6 3,8 5,3 3,3 4,1 
Phenylalanine 3,7 3,1 5,4 3,9 4,0 4,1 
Tyrosine 2,9 1,8 4,0 3,0 3,0 3,4 
Threonine 3,7 3,0 3,9 4,9 2,9 4,3 
Valine 4,5 3,5 4,3 6,6 3,6 4,9 
Glycine 7,1 14,0 4,3 4,8 3,8 4,3 
Calcium (%) 3,63 15,2 - - 
Phosphorus (%) 2,63 7,0 - _ 
Tomi glucosinolates 35,4 pmolig for free drn 
Tannins 0,7 '11, 
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food cultivars (AuLiN 1979). The cystine level 
in the analysed amino acid contents of the 
supplementary proteins was lower than the 
table values in ali cases. 
The analysed CP values of the diets in 
Experiments 1 and 2 were without exception 
lower than the calculated values, mainly as a 
result of the low protein content of FM (Table 
6). The contents of methionine and lysine in 
the diets of the above-mentioned experiments 
were also lower than expected. The determined 
ME values of the layer diets in Expt. 2 
exceeded the calculated values by 0,2-0,3 MJ. 
Performance of birds 
Experiment 1. Feeding with the LE-LP 
starter diet resulted in no significant reduction 
in average body weight at six weeks of age as 
compared with the control diet (Table 7). The 
consumption of the LE-LP starter diet was 
approximately 7 % higher (P < 0,05) than that 
of the control diet but the relationship in 
energy and protein intake was reverse, although 
the 2 and 3 % lower. ME and protein intakes of 
the LE-LP groups did not significantly differ 
from those of the control group. 
The feeding regin-ien had no significant effect 
on weight gain from 6 to 19 weeks of age, but 
feed intake was significantly higher (P < 0,05) 
in the LE-LP groups than in the control 
group. The consumption of ME and protein 
during this period decreased in the LE-LP 
groups compared to the control group and the 
total protein intakes during the rearing period 
were 1064, 1021 and 943 g (P<0,05) in the 
contro-1, LE-LP 1 and LE-LP 2 groups 
respectively. Pea meal as the sole supplemen-
tary protein source in the LE-LP grower diets 
did not significantly affect growth or feed 
intake. Mortality was not significantly affected 
by the feeding regimens during the starting or 
growing period (Table 7). 
The use of low energy and low protein levels 
or PM as the sole supplementary protein source 
during the rearing period of pullets did not 
affect production, mortality or egg quality 
during the subsequent laying period (Table 8, 
Fig. 1). The hens of the PM groups consumed 
slightly less feed and protein (P<0,05) and 
gained less weight (P<0,05) than the hens of 
the FM-SBM groups. 
























Starters Control 87,1 18,4 4,1 0,37 0,99 1,04 0,98 0,64 0,84 0,77 
LE-LP 83,2 16,5 4,0 0,33 0,91 1,02 0,99 0,68 0,84 0,72 
Growers Control 87,8 14,8 3,0 0,28 0,70 0,80 0,50 0,44 0,81 0,73 
LE-LP 1 89,0 13,3 3,9 0,26 0,63 0,84 0,61 0,43 0,80 0,73 
LE-LP 2 89,3 11,6 3,9 0,25 0,55 0,71 0,49 0,35 0,78 0,72 
Layer diet 88,5 14,6 3,5 0,26 0,69 0,86 0,70 0,55 2,90 0,69 
Expt. 2 
Layer diet 1 88,1 14,5 3,3 0,26 0,70 0,81 0,55 0,52 2,83 0,71 10,85±0,17 
" 	2 and 3 88,2 13,0 3,8 0,26 0,55 0,70 0,64 0,49 2,85 0,72 10,62±0,15 
" 	4 and 5 88,7 12,0 3,7 0,23 0,46 0,67 0,46 0,42 3,02 0,62 10,37±0,15 
" 	6 and 7 88,9 11,6 3,6 0,23 0,51 0,59 0,42 0,39 3,24 0,60 10,00±0,11 
Expt. 3 
Broiler finisher 
" 	1 and 	2 86,9 14,9 4,5 0,39 0,81 0,99 0,65 0,52 0,90 0,82 
" 3 and 	4 86,2 16,9 4,5 0,40 0,87 1,05 0,81 0,62 0,85 0,78 
" 5 and 	6 86,4 16,0 4,7 0,42 0,87 0,92 0,99 0,51 0,80 0,75 
" 	7 and 	8 86,7 18,2 4,6 0,42 0,93 1,15 1,08 0,56 0,85 0,83 
" 9 and 10 86,1 17,0 5,2 0,40 0,82 0,94 1,10 0,53 0,85 0,76 
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Table 7. Performance of the chickens during the rearing period (Expt. 1). 
ME/CP in starter 






































Feed intake (kg/bird)4) 
0-6 	weeks 1,15a 1,23b 1,23b 1,26 1,21 0,012 
6-12 	" 2,90a 3,05b 3,21c 3,11 3,14 0,019 
12-18 2,86a 3,09b 3,19b 3,08 3,20 0,031 
0-18 6,91a 7,37b (7,02)7,63b (7,02)7,45 (6,98)7,55 (7,07)0,045 
Energy intake (MJ ME/bird) 
0-6 	weeks 12,60 12,34 12,34 12,58 12,10 0,128 
6-12 	" 31,68 30,95 30,99 30,80 31,14 0,594 
12-18 	" 31,16 31,32 30,87 30,50 31,70 0,313 
0-18 	" 75,44 74,61 74,19 73,87 74,93 0,456 
Protein intake (g/bird) 
0-6 weeks 211 204 204 208 200 2,1 
6-12 	" 430a 406b 370c 390 386 2,5 
12-18 4230 411a 369b 386 393 3,7 
0-18 10640 1021b 943c 984 979 5,7 
Mortality (%) 
0-6 weeks 5,8 6,5 4,7 5,4 5,8 0,69 
6-18 	" 0,5 0,2 0,8 0,5 0,6 0,15 
FM-SBM =- fish and soybean meal 
PM = pea meal 
SE = standard error of mean 
a-c Means with a different superscript letter within a row are significantly different (P < 0,05). 
If no letters are used the differences are non-significant. 
Figures in parenthesia show feed intake minus sand content. 
Control  
LE - LP 1 
LE - LP 2 
On* phaa •  
1.o. .hans(!11 
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10 	12 
Period 
Fig.l. Egg production of pullets during the laying period 
(Expt. 1). 
Experiment 2. With regard to the parame-
ters of egg production no significant differences 
were ascertained between the treatments (Table 
9). The average egg weight of the phased 
groups was, however, 0,7-1,1 g lower than that 
of the control group. The hen-day production 
0 	2 	4 	6 	8 	10 	12 
Period 
Fig. 2. Egg production To in Expt. 2. 
curves of the constant and phased feeding 
groups were fairly similar (Fig. 2). Feed 
consumption in the two-phase group (2 b) 
which received diets with the lowest ME and 
protein concentrations was significantly higher 
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Table 8. Performance of the laying hens and egg quality as a response to the dietary 
treatments during the rearing period (Expt. 1). 
Dietary regimen ontrol LE 1 LP 2 FM-SBM PM SE 
Age at 50 % laying days 169 170 171 170 171 0,40 
Egg output 
kg/housed hen 12,68 12,88 12,69 12,73 12,85 0,080 
% (hen-day) 74,3 75,6 75,1 75,5 75,3 0,35 
g/hen/day 42,2 42,7 42,7 42,9 42,6 0,20 
Egg weight g 56,8 56,4 56,9 56,8 56,6 0,10 
Feed intake g/h/d 113,5 114,7 113,9 115,3 113,3 0,44 
kg/kg eggs 2,69 2,69 2,67 2,69 2,66 0,011 
Protein intake g/h/d 16,4 16,5 16,4 16,7 16,3" 0,06 
g/kg eggs 388 388 385 389 384 1,6 
ME intake KJ/h/d 1172 1185 1176 1191 1170 7,2 
MJ/kg eggs 27,80 27,81 27,50 27,78 27,54 0,13 
Final body weight g 1865 1875 1847 1883 1841 8,0 
Weight gain % 39,52  41,9' 39,5a 42,0 39,5" 0,43 
Mortality % 5,0 5,8 8,3 8,1 6,1 0,82 
Haugh Unit 27 weeks 93,0 92,8 93,0 93,0 92,8 0,27 
' 	41 	" 83,7 84,3 84,2 84,1 84,4 0,33 
" 	63 	" 74,8 76,2 76,3 75,4 77,3 0,47 
Spec.gravity 27 weeks 1,0893 1,0905 1,0901 1,0905 1,0901 0,00026 
41 	" 1,0847 1,0852 1,0847 1,0854 1,0844 0,00026 
63 
a-b, 	P < 0,05 
1,0813 1,0817 1,0815 1,0817 1,0815 0,00032 
Fig. 3. Feed intake in Expt. 2. 	 Fig. 4. Protein intake in Expt. 2. 
becomes particularly visible during .the second 
phase when the group was fed a diet with 9,7 
MJ/kg and 11,6 % CP (Fig. 3). Feed conversion 
in the phased groups was 3-5 % poorer than 
in the control group but the differences were 
not significant. Daily protein supply was 
relatively low (Table 9, Fig. 4) and the 
differences between the constant feeding and 
phased feeding were significant (P <0,05). The 
use of phased feeding saved an average of 25 g 
protein in the production of one kilogram of 
eggs (P < 0,05). Daily ME intake of the phased 
groups was also lower than that in the control 
group but no significant differences could be 
ascertained in it or in the ME conversion. The 
differences in intake of nutrients between the 
supplementary protein treatments (IP, DP) 
were very slight. 
Final body weight and percentage weight 
gain of hens fed phased or DP diets were 
significantly (P <0,05) lower than those of the 
corresponding controls (Table 9). No signifi-
cant differences in mortality were observed 
between the treatments. 
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Table 9. Perforrnance and egg quality data for hens fed phased diets and different 
suPplementary proteins (Expt. 2). 
Diet .ary regimen Number of phases 
2(a) 	2(b) 3 
Supplemantary prorein1) 
IP 	DP SE 
Egg output (control) 
kg/housed hen 12,77 12,21 12,81 12,50 12,54 12,47 0,092 
% 73,3 72,1 72,9 72,7 72,3 72,8 0,36 
g/hen/day 42,9 41,7 42,1 41,8 41,8 41,9 0,26 
Egg weight g 58,5 57,8 57,8 57,4 57,8 57,6 0,15 
Feed intake g/h/d 114,4a 114,7a 117,7b 115,0a 115,7 115,9 0,42 
" kg/kg eggs 2,67 2,75 2,80 276 2,77 2,77 0,014 
Protein intake g/h/d16,3a 15,2b 14,5b 14,8b 14,7 14,9 0,11 
g/kg eggs 	381a 364b 345e 356be 353 357 2,5 
ME intake KJ/h/d 1219 1191 1180 1174 1184 1179 4,4 
" MJ/kg eggs 28,4 28,6 28,0 28,1 28,4 28,2 0,13 
Final body weight 1921a 1829b 1822b 1771b 1829 1785° 7,0 
Weight 'gain % 36,7' 31,8b 30,0b 29,7b 32,0 29,0° 0,40 
Mortality % 7,2 10,0 4,7 6,9 5,4 8,5 0,85 
Haugh unit 26 
weeks 96,4 94,7 95,7 94,8 95,2 94,8 0,28 
Haugh unit 46 
weeks 79,6ab 80,0ab 77,7a 80,5b 79,2 79,3 0,34 
Haugh unit 66 
weeks 68,8 72,6 69,9 70,8 71,6 70,8 0,47 
Spec,gravity 26 
weeks 1,0899 1,0893 1,0891 1,0889 1,0893 1,0889 0,00024 
Spec.gravity 46 
weeks 1,0853a 1,0835b 1,08500 1,0842ab 1,0843 1,0842 0,00021 
Spee.gravity 66 
weeks 1,0813 1,0826 1,0831 1,0823 1,0827 1,0826 0,00026 
,..-c P < 0,05 
1) ip = mainly imported protein ingredients 
tiP= mainly domestic ingredients 
Feeding a diet containing domestic supple-
mentary protein had no significant effect on the 
interior quality or shell strength of the eggs 
laid, as measured by Haugh units and specific 
gravity (Table 9). The second determination of 
egg quality (40 weeks) showed a lower HU for 
one of the two-phase groups (2 b) than for the 
other groups and the difference was significant 
(P <0,05) in comparison with the three-phase 
group. However the specific gravity of eggs in 
the other two-phase group (2 a) differed 
significantly (P <0,05) from that of the control 
group. 
Experiment 3. Chicks fed the 19 % protein 
and 11,7 MJ/kg finisher diet had a higher rate 
of weight gain (P <0,05) than those fed other 
diets, excluding birds on the other extreme diet 
with 15 % protein and 10,5 MJ ME/kg (Table 
10). No significant differences were ascertained 
in growth results between the two ME:CP  
ratios and supplementary protein treatments. 
There were significant interactions (P <0,05) 
of supplementary protein x KJ/g CP and sex x 
KJ/g CP (Table 11). The average slaughter 
weights on the highest energy diets were bigger 
than on the other diets but a significant 
difference (P <0,05) was found only between 
the 11,7/19 and 11,1/16 diets. 
The daily feed intake (121-131,5 g) was very 
high and the ME-CP combination 10,5/15 
differed significantly (P <0,05) from the combi-
nations 11,1/18 and 11,7/19. The difference 
between the two ME:CP ratios was also 
significant (P < 0,05). Feed conversion of the 
10,5/15 diet was significantly (P<0,05) poorer 
and that of the 11,7/19 diet significantly 
(P < 0,05) better than that of the other ME-
CP combinations. Feed efficiency was better on 
the lower ME:CP ratio than on the higher ratio 
(P < 0,05). 
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11,1/16 	11,1/18 11,7/17 11,7/19 69 
KJ/g CP Suppl. prot. 
62 	IP 	DP SE 
Initial body weight 
(3 wks) g 653 651 647 646 655 653 652 650 651 651 1,5 
Final body weight 
(5 wks) g 1698b 1678a 16662 1672a 16812 1716b 1682 1689 1685 1685 5,0 
Weight gain 
(3-6 wks) g 1045ab 10272 10198  1026a 1026a 1063b 1030 1039 1034 1034 3,8 
Slaughter weight g 1040ab 1036ab 1026a 1033ab 1052bc 1062bc 1039 1043 1042 1041 3,6 
Feed intake (3- 
6 wks)g/bird/day 131,52 125?b 125, 2b 120,8b 124,6ab 121,2b 127,2 122,4" 124,9 124,8 0.97 
kg/kg weight gain 2,812  2,68 Z67b 2,63b 2,65b 2,49c 2,71 2,60" 2,65 2,67 0,022 
Protein intake (3-6 
wks) g/bird/day 19,6a 21,2ab 20,1a 22,0b 20,32 22,5b 20,1 21,9" 20,8 21,2 0,31 
g/kg weight gain 418a 4541Dc 427ab 479c 4.32abc 459bc 426 464" 444 446 5,9 
ME intake (36 
wks) KJ/bird/day 1381a 1315b 1395a 1341ab 1458c 1437c 1411 1364" 1388 1388 13,1 
MJ/kg weight gain 29,5ab 28,1a 29,6ab 29,2ab 31,013 29,1ab 30,0 28,8* 29,4 29,5 0,22 
Mortality % (3-6 
wks) 2,4 0,7 0,7 2,0 2,0 1,3 1,7 1,3 1,3 1,7 0,27 
Leg weakness % 1,66 0,67 1,66 1,33 2,00 1,00 1,78 1,00 1,55 1,22 0,26 
Fat deposition 
Abdominal fat % 171ab 1,76ab 1,54a 1,40a 2,08b 1,95b 1,75 1,70 1,83 1,66 0,076 
Caliper mm 3,81ac 3,59ab 3,73ac 3,33b 4,13c 3,54ab  3,89 3,49*** 3,72 3,66 0,045 
c  
"""P<O,001 
Table 11. Analysis of variance (F-values) in Expt. 3. 
Fat deposition 
Dietary 	 Final 	Weight 	Daily 	Feed 	Abdominal Caliper 
treatment dl. weight 	gain 	feed intake Conversion fat 	mm 
ME-CP comb. 5 7,58"" 8,17" 2,57' 9,62"*" 2,45" 6,51"*" 
KJ/g CP 1 2,29 3,40 4,19" 0,09 20,8*** 
Suppl. prot. 1 0,05 0,00 0,00 0,13 1,26 0,43 
Suppl.prot. X KJ/g CP 1 4,33" 4,62" 4,39" 0,23 0,07 0,29 
Sex 1 2030*** 1449""" 15,2*** 3,46 
Sex X ME-CP 5 1,92 2,06 2,22 1,08 
Sex X KJ/g CP 1 5,53" 5,56" 4,09* 1,63 
Sex X suppl. prot. 1 0,04 0,07 0,58 0,08 
d.f. of error 1759-1767 30-34 70-78 251-259 
P < 0,05 
"" P <0,01 
*** P <0,001 
Daily protein supply and protein conversion 
increased (P <0,05) when the ME:CP ratio 
decreased, and, on the other hand the ME 
intakes decreased (P<0,05) with the decreas-
ing ME:CP ratio. 
With regard to the supplementary protein 
treatments the differences in feed and nutrient 
intake were not significant. There was a 
significant interaction of supplementary protein 
x KJ/g CP in daily feed intake (Table 11). No 
significant differences were ascertained in  
mortality or incidence of leg problems between 
the treatrnents (Table 10). 
Post mortem examinations and off-flavor of 
broiler meat 
Fat deposition in broilers (Expt. 3) measured as 
a content of abdominal fat or as a rectal caliper 
value did not increase consistently with energy 
level (Table 10). Abdominal fat content on the 
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Table 12. Results of the post mortern examinations (Exeriments 2 and 3). 
Thyroid weight 	 Liver weight 
	
Patty and 












N = 30 	9,63±2,35 	14,30±5,19 2,470,47 	2,54±0,47 7,05±2,21 	5,98±2,15 4/15 
F-ratio 29,7*** 	 0,36 	 3,37 
Expt. 3 
N = 24 	10,28±2,73 ° 14,64±4,96 1,83±0,42 	1,93±0,35 
F-ratio 23,2*** 	 1,53 
P < 0,001 
18/26 
highest ME level was, however, significantly 
higher (P <0,05) than on the medium level and 
the larger ME:CP ratio produced higher 
(P<0,001) caliper values than the lower ratio. 
According to the abdominal fat weight measure-
ments the difference in fat deposition was 
significant (P<0,001) between sexes (Table 11). 
In Experiment 2 abdominal fat did not differ 
significantly between the constant and two-
phase (2 b) feeding although it was higher in 
the hens of the former treatment (Table 12). 
The thyroid weight of the hens fed the DP 
diets (RSM) was approximately 1,6 times 
higher in Experiment 2 than the thyroid weight 
on the IP diets and that of the broilers in 
Experiment 3 1,4 times higher than on the IP  
diet (Table 12). There was a clear difference in 
the incidence of fatty and haemorrhagic livers 
in the obducted hens between the two 
supplementary protein treatments. 
Carcasses of broilers which had received 
10-12,5 % RSM in their diet showed a 
tendency towards a higher incidence of off-
flavours than those of birds which were fed the 
lower levels (Table 13). 
Table 13. Preference of the taste panel and observed off-
flavours in broiler meat (Expt. 3). 
RSM level in diet % 0 5-7,5 10-12,5 
Number of lst place 7 3 5 
3 8 4 
5 4 6 
Obsentations of 
off-flavours 2 1 6 
DISCUSSION 
Feeding replacement WL chickens a starter diet 
containing 16,5 % protein and 10 MJ ME per 
kilo and two grower diets with 13,3 and 11,6 % 
protein and 10,1 and 9,7 MJ ME per kilogram 
resulted in a non-significant decrease in body 
weight at 18 weeks of age (Expt. 1). This result 
agrees with the earlier studies, which report 
that no or only slight decrease in body weight 
of egg-type pullets is produced at fairly low 
dietary energy leVels or by using moderate 
amounts of inert substances to dilute diet 
(HILL and DANSKY 1954, BERG and BEARSE 
1956, BERG 1959, LILLIE and DENTON 1966, 
ANDREWS et al. 1972, SLOAN and HARMS 
1973, PETER et al. 1976). 
This is due to the increased feed intake, 
which was also confirmed in the present study. 
If the proportion of sand is excluded, the 
differences in the feed intake are small. The 
slight tendency towards decreased ME con-
sumption on the LE—LP diets does not mean 
an improvement in the energy conversion 
expressed as MJ per kilogram weight gain but 
can mean a small saving in producing a laying 
pullet, although the LE—LP 1 group indicated 
compensatory feed intake and growth during 
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the subsequent laying period. However the 
savings in protein consumption of 40 and 120 g 
per pullet because of the LE—LP diets were 
noticeable. Because the composition of the 
LE—LP diets differed considerably from that 
of the control diets the possible improvement 
in energy utilization as a consequence of sand 
supplementation could not be ascertained. 
The results of replacing fish and soybean 
meal by pea meal in the LE—LP grower diets 
showed that replacement chickens can be 
successfully fed a diet which is formulated from 
oats, pea meal and methionine, vitamin and 
mineral supplements. This type of diet could 
be prepared using a special premix, for example 
on a farm which cultivates oats and pea 
together. 
The fact that the use of the LE—LP diets 
during the rearing period had no adverse effect 
on the subsequent laying performance agrees 
with most of the earlier results (BERG and 
BEARSE 1958, BERG 1959, LILLIE and DENTON 
1966, ARMAS et al. 1872, PETER et al. 1976). 
It was surprising that no appreciable differen-
ces appeared in egg production between the 
constant feeding and the phased feeding 
systems (Expt. 2). The protein content of the 
phased diets was extremely low and in spite of 
the low energy content feed intake of the 
phased groups, excluding the two-phase group 
with the lowest ME and CP contents (2 b), did 
not notably exceed that of the control group. 
Therefore daily protein intake of 14,5 — 15 g 
was quite marginal and could have produced a 
deficiency in one or more amino acids. On the 
other hand, according to some reports, 14 — 
14,5 g protein per hen per day is adequate to 
support egg production and egg weight 
(THAYER et al. 1974, REID 1976, EL BOUSHY 
and MUILWIJK 1978). 
In the present study, daily lysine intakes 
calculated according to the analyses and feed 
intake were below 650 mg in the phased groups 
after 36 weeks of age. In the other two-phase 
group (2 b) daily lysine intake at 28 — 36 weeks  
of age was only 530 — 590 mg. McNAuGHToN 
et al. (1980) suggest a lysine requirement of 750 
— 623 mg/hen/day depending on the laying 
phase. According to HURWITZ (1980), and 
taking into consideration the ME intake in this 
experiment, 580 — 600 mg lysine/hen/day 
should have been adequate. 
The lower — though not significantly 
smaller — egg weight on the phased feeding 
regimens was apparently due to the decreased 
supply of protein and metabolizable energy, 
which produced the smaller body weight and 
weight gain in the phased groups than in the 
control group. 
The major advantage of the phased feeding 
was the better efficiency of protein conversion. 
CAVE and HAMILTON (1982) also presented 
the same conclusion. No improvement in the 
conversion of ME could be shown in this 
experiment although the phased groups appar-
ently deposited less body fat. There is 
evidence that laying hens fed a medium or high-
energy diet ad libitum take in more ME than is 
needed for a maximum rate of laying or is 
desirable for the greatest economic return 
(McGINNis and DRONAVAT 1967, PETERSON 
1971, AUCKLAND et al. 1973). 
Although the specific gravity values of eggs 
laid by hens of the phased groups were not 
significantly higher than those of the control 
group at the end of the experiment, the results 
suggest that phase-fed calcium can improve 
shell quality, as OUSTERHOUT (1981) has 
reported. Unfortunately the calcium levels and 
differences between the diets were relatively 
small in the present study. The phased 
phosphorus may also have positively affected 
shell quality. 
The almost equal results on the two 
supplementary protein regimens tell that the 
low protein diets in the phased feeding system 
can be based on domestic protein sources. This' 
agrees with an earlier study on laying hens 
(KiisRINEN 1983 c). Mortality in the DP 
groups was somewhat higher than that in the 
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IP groups apparently as a result of the use of 
the HG—RSM. This view is supported by the 
higher incidence of fatty and haemorrhagic 
livers in the former groups. 
In conclusion, phased feeding systems can 
clearly offer an opportunity to reduce the 
protein requirement for egg production and to 
increase the level of national selfsufficiency in 
the protein supply for laying birds. 
Average weight gain during the finishing 
period (3 — 6 weeks) and slaughter weight of 
broiler chicks were satisfactory on ali ME—CP 
combinations, although the protein content 
varied from 15 to 18,6 % and the calculated 
ME concentration from 10,5 (2,5) to 11,7 MJ 
(2,8 Mcal) per kilogram of diet (Expt. 3). 
Thanks to the fish meal and supplemented 
methionine the contents of the amino acids 
were obviously adequate and the birds were 
able to eat a surprisingly high amount of feed 
to satisfy their requirements for energy and 
protein. KONDRA et al. (1974) reger to the 
chicken's capacity for a high degree of 
anatomical and physiological adaptation to 
compensate for variations in the nutrient 
concentration of their diets. 
The larger ME:CP ratio caused higher feed 
and ME intakes and poorer efficiency than the 
smaller ratio. This agrees with the results of 
GERUM and KIRCHGESSNER (1977) and KIRCH-
GESSNER et al. (1978). It seems that on 
low dietary protein levels, the feed intake of 
chicks is more affected by the dietary protein 
than the energy content. In general, the energy 
content is regarded as a main factor deter-
mining feed consumption. ALMQVIST (1952) 
has stated that "if a slight amino acid deficit 
exists, the animal will attempt to compensate 
by consuming more of the diet, in which case 
the rate of growth may attain the maximum 
but the efficiency of the diet may not". 
DONALDSON et al. (1956) reported that the 
energy intake and carcass fat of broilers 
increased as the calorie: protein ratio increased. 
As a counterbalance to the poorer feed and  
energy efficiency, approximately 40 g protein 
was saved per kilogram of weight gain by 
increasing the ME:CP ratio from 62 to 69 KJ/g 
CP. Considering both energy and protein 
efficiency, it seems that if low energy finisher 
diets are used protein content should also be 
reduced or vice versa. With regard to body 
weight gain and composition, an energy: 
protein ratio of 130-160 kcal/% CP is 
recommended for broilers of 3 — 5 weeks of 
age, which corresponds to 54 — 67 KJ/g CP 
(GERum and KIRCHGESSNER 1977, KIRCH-
GESSNER et al. 1978). The sex x ME/CP 
interaction can be explained by the fact that 
the response of sexes to the varying ME:CP 
ratio is different (KAzEmi and AMIN 1977). 
Male chicks grew better on the higher ME:CP 
ratio than on the lower ratio, and among 
females the weight gain was equal. 
The response of broiler chicks to the 
supplementary protein treatments was the 
same. This suggests 5 — 12 % HG—RSM can 
be included in the broiler finisher diets without 
any adverse effects on the rate of growth 
although the goitrogenic effect of RSM was 
very clearly shown in the thyroid weight. The 
higher incidence of off-flavours found in broiler 
meat on the highest level of HG—RSM may 
have been partly due to the more abundant use 
of rapeseed oil to adjust the energy levels of the 
diets. 
With regard the deposition of abdominal fat, 
the differences between the ME:CP ratios and 
the supplementary protein treatments were 
relatively small. The caliper technique seems to 
give results relatively comparable to the 
abdominal fat weight measurements as reported 
by PYM and THOMPSON (1980). 
The results on broiler chicks suggest that 
satisfactory final weights of broiler chicks can 
be achieved by using low energy, low protein 
diets. This means reduced protein requirements 
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Kolme ruokintakoetta suoritettiin käyttämällä energiasisäl-
löltään ja valkuaispitoisuudeltaan alhaisia (LE—LP) rehu-
seoksia kananpoikasten ja broilereiden kasvatuksessa sekä 
jakso: eli faasiruokintaa muniville kanoille. 
Ensimmäisessä kokeessa munijakanoiksi kasvatettavien 
poikasten lähtörehu (0-6 vk) sisälsi muuntokelpoista 
energiaa (ME) 11,0 ja 10,0 MJ/kg sekä vastaavasti valkuaista 
(CP) 18,4 ja 16,5 %. Kasvatusrehujen ME/CP-pitoisuudet 
olivat 10,9/14,8 (kontrolli), 10,1/13,3 (LE—LP 1) ja 9,7 
MJ/11,6 % (LE—LP 2). Molemmat LE—LP kasvatusrehut 
sisälsivät ainoana viljana kauraa sekä lisävalkuaisena joko 
kalajauhoa ja soijaa tai hernejauhoa. Rehujen laimentajana 
käytettiin hienoa hiekkaa. 
Toisessa kokeessa munivien kanojen vuoden pituinen 
koekausi jaettiin kahteen tai kolmeen samanpituiseen jak-
soon ja rehujen ME-, CP- ja fosforipitoisuutta laskettiin 
sekä kalsiumpitoisuutta nostettiin tuotantokauden loppua 
kohden. Jaksoryhmien lisävalkuainen oli joko pääasiassa ka-
la- ja soijajauhoa tai kotimaisia valkuaisrehuja. Kolmannen 
kokeen broilerit saivat kasvatuskauden toisella puoliskolla 
(3-6 vk) koerehuja, joihin sisältyi kuusi eri ME—CP-yh-
distelmää, kaksi ME:CP-suhdetta (69 ja 62 KJ/g CP) sekä 
kaksi lisävalkuaiskoostumusta. Valkuaispitoisuus vaihteli 
15-18,6 % ja ME-pitoisuus 10,5-11,7 MJ/kg. 
Kasyatuskauden rehun väkevyys ei vaikuttanut merkit-
sevästi nuorikoiden painoihin eikä niiden myöhempään 
munantuotantoon. Käytettäessä LE—LP-seoksia voitiin 
säästää valkuaista 120 g:aan saakka nuorikkoa kohden. 
Koetulosten mukaan vähävalkuaisin kasvatusrehu voi-
daan tehdä yksinomaan kaurasta ja herneestä sopivalla esi-
seoksella (-I- metioniini) täydennettynä. 
Jaksoruokinta ja käytetyt lisävalkuaiskoostumukset eivät 
vaikuttaneet merkitsevästi kanojen tuotantoon. Jaksoruo-
kinnalla valkuaisen päiväkulutus oli eläintä kohden 14,5-
15 g ja vertailuruokinnalla 16,3 g. Valkuaisen säästö muna-
kiloa kohden oli 17-36 g. Tulokset antavat tukea myös 
sille käsitykselle, että kalsiumin ja mahdollisesti fosforin 
saannin jaksoitus on hyödyllisintä munankuoren laadun 
kannalta. 
Broilerien kasvutulokset olivat tyydyttäviä kaikilla ME—
CP-yhdistelmillä, vaikka tilastollisesti merkitseviä eroja 
niiden välillä oli todettavissa. Kahden ME:CP-suhteen ja 
lisävalkuaiskoostumuksen välillä ei ollut merkitseviä eroja 
kasvussa. Rehunkulutus oli suurempi, rehun ja ME:n hy-
väksikäyttö huonompi, mutta valkuaisen hyväksikäyttö pa-
rempi käytettäessä suurempaa ME:CP-suhdetta. Tuloksis-
ta voidaan myös päätellä, että energia- ja valkuaishyötysuh-
teen kannalta broilerrehun energia- tai valkuaistason alen-
tamiseksi tarvitaan myös toisen tekijän pitoisuuden pienen-
tämistä. 
Tutkimuksen tulokset viittaavat siihen, että tyydyttävää 
tuotantba voidaan ylläpitää energiasisällöltään ja valkuaispi-
roisuudeltaan melko "laimeilla" rehuseoksilla soyittamalla 
niiden käyttö tuotantovaiheen mukaisesti. Näin säästetään 
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Appai:ent metabolizable energy (AME), AME corrected to nitrogen equilibrium 
(AME) and digestibility of the main chemical constituents were determined for high 
glucosinolate and low glucosinolate rapeseed meals (HG—RSM, LG—RSM), whole 
and gi-ound rapeseeds (HG—RS Span, LG—RS Ante), peas, horse beans (HB), wheat 
protein concentrate (WPC), single cell proteins (Pekilo and Silva), meat and bone 
meals'(MBM) and dried skimmed milk (DSM). White Leghorn chicks 4-8 weeks of 
age, laying hens and mature young cocks were used. Some of the determinations were 
performed with both chicks and hens, using difference method of total excreta 
collection. 
The AME values of ingredients were: RSM 7,00-10,21, RS (ground) 17,11-18,97, 
pea 11,69-13,23, HB 12,57-13,39, WPC 14,96, Pekilo 10,59-11,42, Silva 12,11, 
MBM 7,35-12,36 and DSM 12,24 MJ/kg DM. 
The large variation in the ME of RSM was mainly due to the variation in its fat 
content: the correlation coefficient between the AME and crude fat values of RSM 
was 0,67 (P < 0,001). The results suggests that the protein of HG—RSM is more 
poorly digested than that of LG—RSM. 
Grinding of rapeseed improved its ME value by 30 % (P < 0,001). The increase in 
the er:lergy value was chiefly caused by an improvement in fat digestibility (PG0,001). 
Significant differences were found in digestibility and ME values between rapeseed, 
pea and horse bean cultivars. Silva's fat and carbohydrates were significantly better 
digested than those of Pekilo by the hens. Carbohydrates of DSM (lactose) are 
relatively poorly digested (69,8 %) by poultry. 
Significant differences between chicks and hens were confirmed in the AMEn 
values of rapeseed, pea and meat and bone meal. The adult hens digested the organic 
matter and protein of rapeseed better (P<0,01) than chicks six weeks of age. 




In Finland metabolizable energy (ME) has only 
recently been accepted as an official energy 
value for poultry feed. However, it has been 
used as a worldwide standard for the last 15-
20 years. Metabolizable energy of a diet is 
defined as its gross energy minus the energy in 
faeces and urine derived from the same quantity 
of the diet. It is relatively easy to determine 
with poultry because faeces and urine are 
evacuated together. The metabolizable energy 
is generally determined as the apparent ME 
value (AME), because it also includes endoge-
nous energy (metabolic faecal and endogenous 
urinary energy). SIBBALb (1975) developed the 
true metabolizable energy (TME) bioassay that 
corrects the energy in excreta for endogenous 
energy as measured from fasting birds. This 
method is still under discussion and the AME 
values are used in the analysis tables. 
It has been customary to correct the 
conventional AME values for nitrogen (N) 
retention or loss. The correction is considered 
to represent the energy content of excretory 
materials containing N but retained in the  
body. In applying N correction, one or the 
other of two factors, 8,22 (HILL and ANDER-
SON 1958) or 8,73 kcal/g N (Trrus et al. 1959), 
have been used. The latter factor perhaps 
represents more truly the excretory products of 
protein metabolism becanse it takes into 
consideration the fact that uric acid is not the 
sole N excretion product in the chicken. 
Because of the relatively 'simple methods for 
determining ME values of poultry feeds, 
digestibility values are very seldom given. This 
has been partly due to the complicated 
determination of nitrogen digestibility, which 
involves either colostomised hens or chemical 
methods to distinguish urinary nitrogen and 
faecal nitrogen (EKMAN et al. 1949, HARTFIEL 
1963, TERPSTRA and HART 1974). 
The present investigation includes some 
occasional AME and digestibility determina-
tions with domestically produced protein sour-
ces. The determinations were performed during 
1978-1983 and most of the test ingredients 
were included in the diets of feeding experi-
ments on growing and laying (breeding) birds. 
MATERIAL AND METHODS 
Birds and housing  laying hens 30 weeks 1645 ± 123 g 
 cocks 	24 " 1810 ± 114" 
White Leghorn laying hens, chicks and mature 
young cocks of two different strains (SK 12 in 
Experiments 1 and 2 and SK 51 in Experiments 
3-5) were housed in wire cages in rooms with 
lighting, heating and ventilation. The birds, 
their initial age and average weight in the five 
experiments were: 
Expt. 1.1aying hens 	36 weeks 1980 112 g 
33 64" 1760 96" 
female chicks 7 " 710 66" 
male 475 60" 
700 57" 
Öne bird was put in each cage, except in 
Experiments 2 and 3 which had two chicks per 
cage. The cages were furnished with external 
feed troughs and nipple waterers, apart from 
those for chicks, which had water cups. The 
size of the cages for chicks, was 36x 43 x 30 
cm. The cocks were kept in larger cages (with 
horizontal net floor : 31 x' 45 x 52 cm), than 
hens (32 X 40 X 48 cm: with slanting floor). 
Room temperature was 17-19°C for adults 
birds and 19-23°C for chicks. Relative 
humidity ranged from 50 to 80 59. 
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Test ingredients and experimental 
procedures 
The apparent ME (AME) and digestibility of 
the ingredients were determined by the indirect 
(difference) method of total excreta collection. 
The test ingredients and their concentrations 
in the assay (basic) diets are shown in Table 1. 
Two Finnish single cell protein products 
(Pekilo and Silva) were tested and two meat 
and bone meal (MBM) samples were received 
from the two biggest producers in Finland. 
Wheat protein concentrate (WPC) is a by-
product of the Finnish wheat starch industry; 
the horse-bean Mikko, pea cultivars Jo 7636 
and Jo 6728 and low glucosinolate rapeseed 
cultivar Vankka have been bred in Finland. 
The test ingredients replaced 25-50 % of 
the whole basal diet (Expt. 1) or 20-40 % of 
the protein-grain premix (Experirnents 2-5, 
Table 2). The test ingredients were used as 
such or ground like the other components of 
the diet to pass through a 3-4 mm screen. The 
rapeseeds were ground by a KT-sako mill (2,0 
mm). Six to eight replicate birds or pairs of 
chicks were allotted to each experimental diet. 
The birds were adapted to the diets for four 
or five days before the excreta collection periöd 
• 
Table 1. Test ingredients and their proportions in the assay (basic) diets.1) 
Expt. 1 
LG—RSM (Brassica napus L. cv. Tower) 
Pea (Pisum sativum L., sorting waste) 
Horse bean (Vicia faba L., cv. Arla and Mikko) 
Pekilo (Paecilomyces varioti) 
Silva (chiefly Candida 
Expt. 2 
LG—RSM (B. napus L, cv. Regent) 
HG—RSM (B. campestris L., cv. Span + Torch) 
Pea (sorting waste) 
MBM 1 and 2 
Expt. 3 
30 %Dried skimmed milk (spray dried) 
50" WPC 
35 " Pekilo 
25 " 	• 
Expt. 4 
HG—RSM (B. campestris L.) 
HG—RS (cv. Span) 
20 " LG—RS (B. campestris L., cv. Ante) 
" 	Pea (cv. Jo 7636 and 6728) 
Expt. 5 
HG—RSM 1 and 2 (B. campestris L.) 
LG—RSM 3 (B. campestris L., cv. Sigga) and 4 




1) LG—RSM = low glucosinolate rapeseed meal 
HG—RSM = high " 
RS = rapeseed 	MBM = meat and bone meal 
WPC = wheat protein concentrate 
Table 2. Composition of the basic diets. 







Soybean meal 12 Protein-grain premisl) 91 91 96 96,5 95 96 (barley) 
Barley 55 Mineral-vitamin premix2)  9 9 4 3,5 5 4 
Oats 23 1) Composition 
Ground Innestone 6 Fish meal 4 4 6 3 4 
Dicalcium phosphate 2 Soybean meal 11 11 14 9 11 
Salt 0,5 Badey 85 85 80 88 85 
Mineral premix 0,5 
Vitamin " 1,0 2) Composition (59) 
DL-methionine 0,05 Ground limestone 58 15 10 20 
Dicalcium phosphate 22 44 60 40 40 
Celite 545 13 25 20 
Salt 3,5 10 12 8 9 
Mineral premix 1,5 10 7 10 12,5 
Vitamin " 1,5 9 4,5 10 12,5 
DL-methionine 0,5 2 1,5 2 3 
LAysine 3 
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of four or five days. Daily feed was rationed to 
100-150 g for adults birds and 60-70 g for 
,chicks, and feed intake was measured daily. 
Feed samples were taken immediately after diet 
preparation and dried in .an air oven (60°C, 16 
h) and then stored in plastic sample boxes for 
later determinations. Excreta was collected 
daily from polythene trays beneath the cages of 
the invidual birds (pairs). 
Feathers, scales and spilled feed were remo-
ved. Spilled feed was weighed and its dry 
matter content determined. The excreta was 
frozen every day, melted and weighed prior to 
analysis. 
Chemical analyses 
The proximate anlysis was performed on each 
test ingredient, basal and test diet according to 
the standard methods used in the Institute 
of Animal Husbandry of the Agricultural 
Research Centre. Materials were hydrolysed 
with 3N HCI before ether extraction. Samples 
of excreta were subjected to analyses of 
moisture, total nitrogen, ether extraction after 
hydrolysis, faecal N content by the uranyl 
acetate method described by HARTFIEL (1973) 
in Experiment 1 and by the AG — Hg — urate 
method according to TERPSTRA and HART 
(1974) in the other experiments. The rest of the 
excreta was dried in an air oven at 60°C for 16 
hours and the proximate analysis was done as 
above. The gross energy of the feed and excreta 
samples was measured with an IKA adiabatic 
bomb calorimeter. 
Calculation 
The apparent ME (AME) and digestibility 
values of the test ingredients were calculated 
from the differences in the values between the 
basal diet or the protein-grain premix and the 
test diet and extrapolation to 100 % test 
ingredient. Corrected ME for nitrogen balance 
(AMEn) was calculated using 8,73 kcal (36,55 
kj) per g retained N (TITus 1959). In the case 
of laying hens correction for 33 % N-retention 
was used because as a rule hens deposit 
approximately 1/3 (30-33 %) of digestible N 
in the eggs (ERIKSSON and HARTFIEL 1967). In 
the calculation of digestible organic matter 
urine N in the excreta was divided by 0,333 
(HÄRTEL et al. 1977). The digestibility of 
carbohydrates in dried skimmed milk was 
calculated on the basis of the values for organic 
matter and protein by giving a value of 75 % 
for the small amount of fat. 
Analysis of variance as well as correlation 
analyses between AMEn and chemical consti-
tuents of RSM were performed. Differences 
between means of the test ingredients were 
determined by the t-test. 
RESULT AND DISCUSSION 
Chemical composition of ingredients 
The gross chemical composition and energy 
content of the test ingredients are shown in 
Tables 3 and 4. Total glucosinolate contents of 
rapeseed meals and tannin contents of pea and 
horse bean are also given in the notes to the 
tables. The crude protein content of the 
rapeseed meals ranged from 36 to 41 % and 
crude fat (ether extract) from 2,8 to 8,1 % in 
dry matter. The Span rapeseed contained more 
protein and less fat than seed of the Ante 
cultivar (Expt. 4). Horse bean Arla and Mikko 
(Expt. 1) and pea cultivars Jo 7636 and Jo 6728 
had almost equal compositions and gross 
energy values. Pekilo's crude fibre was higher 
and ash content lower than Silva's, typical 
differences in these SCP products (Expt. 1). 
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Pekilo in Experiment 3 was from a different lot 
and contained more protein than the former 
lot. The meat and bone meals differed 
considerably in their crude fat and ash content 
and this was reflected in the gross energy 
values. 
Total glucosinolates of HG-RSM were 
37-47 ,umol and those of LG meals 11-28 
pmol per g fat free dry matter. The Sigga meal 
had the lowest content of glucosinolates. The 
tannin content of pea and horse bean in 
Experiment 1 was 0,5-0,9 %. The pea 
cultivars in Experiment 4 differed markedly in 
their tannin content (1,60/0,96). 
ME value and digestibility of rapeseed 
products 
The N-corrected AME value of HG-RSM 
ranged from 7,00 to 9,51 (1,67-2,27) and that 
of LG-RSM from 8,92 to 10,21 MJ (2,13-
2,44 Mcal) per kilogram dry matter (Tables 5 
and 6). According to some earlier reports the 
AME value of HG-RSM varies within very 
wide limits 5,0-9,6 MJ (1,2-2,3 Mcal) per kg 
DM (LoDHI et al. 1969 a and 1970, RAO and 
CLANDININ 1970, SETH and CLANDININ 1973, 
MARCH et al. 1973, BAYLEY et al. 1974, 
LIPINSKA 1978 b, NWOKOLO and BRAGG 
1978). A review by CLANDININ and ROBBLEE 
(1983) states that the AMEn value of LG-
RSM varies between 7,3 and 10,8 MJ (1,75-
2,60 Mcal) per kg DM. 
It is obviously too simple to conclude on the 
basis of the results that LG-RSM contains 
more metabolizable energy than HG-RSM, 
because the large variation in ME values is very 
typical for RSM because of several factors like 
differences in chemical composition, proces-
sing, experimental procedures and age of the 
experimental birds. The most important factor 
is the fat content of meals which has been 
stated to be responsible for 50-60 % of the 
observed variation in their (BAYLEY et al. 
1974, NWOKOLO and BRAGG 1978). In the 
present study the correlation coefficient be-
tween the crude fat content and AMEn value of 
RSM was 0,67 (P < 0,001, Table 7). 
The content of available carbohydrate also 














MJ/Ikg 	kg DM 
Expt. 1 
LG-RSM (Tower)1) 87,2 40,9 1,9 3,4 13,0 8,4 19,46 4,64 
Pea2) 84,7 26,2 1,4 2,5 6,8 3,3 18,69 4,46 
Horse bean (Arla)2) 91,6 32,2 1,5 2,0 7,2 3,7 18,44 4,40 
" 	" (Mikko)2) 91,1 31,3 1,4 2,5 7,5 4,0 18,31 4,37 
Pekilo 89,1 51,9 1,1 4,4 8,9 5,0 21,08 5,03 
Silva 91,5 51,6 1,5 5,9 4,5 8,0 20,75 4,95 
Expt. 2 
LG-RSM (Regent)l) 89,9 40,2 8,1 - 13,0 7,7, 21,07 5,03 
HG-RSM (Span, 
Torch)1) 90,8 38,5 2,8 - 13,3 8,4 19,83 4,73 
Pea 90,4 28,4 1,9 - 7,9 3,4 18,73 4,47 
MBM 1 95,9 46,2 14,5 - 1,8 33,7 17,08 4,08 
" 	2 96,6 47,5 5,4 - 2,1 45,1 12,62 3,01 
Expt. 3 
Dried skimmed milk 95,4 37,2 0,04 0,5 0,8 8,2 18,09 4,32 
WPC 93,0 44,6 6,3 7,0 3,7 2,2 21,50 5,13 
Pekilo 89,4 54,7 2,5 4,6 6,5 6,7 20,38 4,87 
Total glucosinolates pmol/g fat free DM: LG-RSM (Tower) 27,9, LG-RSM 
(Regent) 19,7, HG-RSM (Span, Torch) 44,3 (unpubl.) 
Tannins To: pea 0,5, HB Arla 0,8, HB Mikko 0,9 (unpubl.). 
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Table 4. Chemical composition of rapeseed products and peas used in Experiments 
4 and 5. 
Dry 
matter 










MJ/kg 	kg DM 
Expt. 4 
HG-RSM2) 89,4 36,9 5,3 6,9 14,1 7,9 20,43 4,88 
HG-RS (Span) 94,2 24,3 40,7 43,2 8,4 5,2 27,65 6,60 
LG-RS (Ante) 95,6 22,4 42,1 44,5 8,8 5,2 27,84 6,65 
Pea (Jo 7636)1) 89,9 24,1 1,3 2,6 6,5 2,8 18,64 4,45 
Pea (Jo 6728)1) 88,8 23,6 1,3 2,8 6,5 2,6 18,66 4,46 
Expt. 52) 
RSM 1 (HG) 88,7 38,4 2,3 4,2 13,7 7,8 19,55 4,67 
" 	2 (HG) 89,4 36,1 6,7 8,3 14,1 7,4 20,39 4,87 
" 	3 (Sigga LG) 88,8 36,6 6,3 8,2 12,0 7,9 20,11 4,80 
" 	4 (Vankka LG) 90,9 36,9 4,9 6,9 10,7 8,4 10,74 4,71 
Tannins %: Jo 7637 1,60, jo 6728 0,96 (AuLIN 1979) 
Total glucosinolates prnol/g fat free DM: HG-RSM 35,4, RSM 1 
46,6, RSM 2 37,1, RSM 3 11,1, RSM 4 27,3 (unpubl.). 
plays a significant role in determining the ME of 
RSM (LODHT et al. 1969 b, RAO and CLANDI-
NIN 1972, NWOKOLO and BRAGG 1978). SETH 
and CLANDININ (1973) reported that hull and 
fibre content depressed the ME value of RSM. 
In the present study a significant (P < 0,001) 
negative correlation (-0,45) was ascertained 
between the crude fibre content and AMEn of 
RSM (Table 7). NWOKOLO and BRAGG (1978) 
presented a corresponding coefficient -0,66 
(P < 0,01). The recent results suggest that hull 
tannins of LG-RSM have no deleterious effect 
on the nutritive value of the meal (MITARY et 
al. 1983). On the other hand, YAPAR and 
CLANDININ (1972) found that extraction of 
tannins improved the ME of RSM for chicks 
by 0,5-0,7 Mcal/kg and slightly increased N 
absorpti on. 
LopHi et al. (1970) reported that the ME of 
RSM was depressed by its goitrogen content, 
and GUILLAUME and GOMEZ (1980) found a 
notable difference in the protein digestibility 
(64/77) of two meals with different glucosino-
late contents. The results of the present study 
also suggest that poultry digest the protein of 
LG meals better than that of HG meals (Expt. 
5, Table 9). The average protein digestibility of 
HG-RSM was 75 % and that of LG-RSM 
80 % (P<0,05). The protein digestibility of 
RSM ranged from 69 % to 80 % and the 
digestibility of organic matter from 47 to 58 % 
in this study. On the whole, values for protein 
have varied between the limits of 65-80 %, 
which are 5-8 % lower than those of soybean 
meal (LopHi et al. 1970, TAO et al. 1971, RAO 
and CLANDININ 1972, LIPINSKA 1978 a, 
GUILLAUME and GOMEZ 1980, THOMKE et al. 
1983). 
Digestibility of RSM crude fat was 54-79 
% and that of carbohydrates 24-40 %. 
Recently THOMKE et al. (1983) reported values 
of 46-117 % for fat and 12-55 % for 
carbohydrates. The digestibility of carbohydra-
tes is low because most of them are arabinoga-
lactanes and xyloglucanes (ANjou et al. 1977). 
The AMEn content of ground rapeseed was 
on an average of 17,8 (17,11-18,97) and that of 
whole seed 13,6 (12,34-16,11) MJ/kg DM (P< 
0,001, Tables 6 and 10). The results agree with 
those of MUZTAR et al. (1978), and MUZTAR 
and SLINGER (1980), who presented values of 
18,00-18,71 MJ/kg DM for ground seed and 
12,14-15,20 MJ/kg DM for whole seed of 
Tower and Candle LG cultivars. In the present 
study grinding improved the metabolizability 
of rapeseed's gross energy by 30 %. This was 
mainly due to the improvement in crude fat 
digestibility (P<0,001, Table 10). The digesti- 
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Table 5. Apparent metabolizable energy content (±SD) of the protein sources 
(Experiments 1-3). 








Expt. 1 laying 
hens 
Basic diet 8 12,31±0,18 12,18±0,15 (2,91) 66,9 96,2±21,5 
LG-RSM (Tower) 8 8,35±0,55 8,92±0,52 (2,13) 45,8 119,2±22,6 
Pea 8 12,20±0,35 12,44±0,37 (2,97) 66,6 86,9±15,3 
Horse bean (Arla) 8 13,06±0,51 13,39±0,32 (3,20) 72,6 108,2±20,1 
" 	(Mikko) 8 12,24±0,33 12,57±0,28 (3,00)" 68,7 101,2±20,2 
Pekilo 6 11,14±0,48 11,42±0,45 (2,73) 54,2 91,2±15,0 
Silva 6 12,03±0,81 12,11±0,85 (2,98) 58,4 95,5±29,8 
Expt. 2 
Basic diet chicks 6 12,67±0,11 12,20±0,09 (2,91) 66,6 53,5±1,1 
hens 6 11,86±0,17 11,78±0,17 (2,81) 68,9 94,2±18,3 
LG-RSM chicks 6 10,20±0,26 9,67±0,32 (2,31) 45,9 50,9±1,1 
(Regent) hens 5 9,15±1,08 9,86±0,94 (2,35) 46,8 81,0±17,3 
HG-RSM chicks 6 7,41±0,85 7,00±0,77 (1,67)'.* 35,3 50,7±0,8 
Pea chicks 6 12,16±1,24 11,69±1,12 (2,79) 62,4 58,0±1,0 
" 	hens 6 12,56±1,39 12,76±1,32 (3,05) 68,1 84,3±20,4 
MBM 1 chicks 6 10,62±0,21 10,06±0,17 (2,40) 58,9 50,7±0,9 
" 	hens 6 11,86±0,93 12,36±0,74 (2,95) 68,5 96,0±24,8 
" 	2 hens 6 6,77±0,67 7,35±9,53 (1,75)»* 52,6 116,0±10,5 
Expt. 3 chicks 
Basic diet 6 12,89±0,22 12,76±0,21 (3,05) 69,7 59,2±4,7 
Dried skimmed milk 5 12,46±0,71 12,24±0,72 (2,92) 67,7 54,4±4,5 
WPC 6 15,17±0,54 14,96±0,48 (3,57) 69,6 51,4±7,3 
Pekilo 5 10,70±0,41 10,59±0,35 (2,53) 52,0 48,0±7,8 
P < 0,01 Significant difference: Arla vs. Mikko 
P < 0,001 Significant difference: LG-RSM vs. HG-RSM 
MBM 1 vs. MBM 2 
bility of organic matter was also significantly 
(P<0,001) improved by grinding. According to 
SHEN et al. (1983) not only good grinding but 
some type of heat treatment is necessary in 
order to obtain the maximum response with 
canola seeds (LG-RS). 
The Span rapeseed had a higher ME value 
than the Ante seed and the difference was 
significant (P < 0,001) in hens (Tables 6 and 
10). This was due to the better digestibility of 
the fat of the former cultivar (P < 0,001). On 
the contrary hens digested protein of Ante 
better (P < 0,001) than that of Span, a finding 
which supports the results with cocks in 
Experiment 5. 
Protein digestibility of ground seed varied 
greatly (59-78 c7o), fat digestibility was 77-86 
% and carbohydrate digestibility 20-29 T.D. 
THOMKE et al. (1983) reported corresponding 
values of 65 %, 94 % and 14 % for LG-RS. 
ME and digestibility of leguminous seeds 
and wheat protein concentrate (WPC) 
The AMEn value of pea meal determined on 
hens was 12,41-13,23 MJ/kg DM (Tables 5 
and 6). These values are lower than the Swedish 
results of 13,7-15,1 MJ/kg DM from a low-
tannin Lotta (white flowers) (LINDGREN 1975, 
AHLSTRÖM 1978). The cultivar Jo 7636, which 
contains more tannins than Jo 6728, had a 
lower ME value (P < 0,001), protein digestibili-
ty (P < 0,05) and fat digestibility (P < 0,001) 
than the latter (Table 10). LINDGREN (1975) 
showed a strong correlation between the 
digestion coefficient of crude protein and the 
content of tannins in peas. The 73,3 % 
digestibility of pea protein in Experiment 1 was 
relatively low, and the values of 79,7 and 83,0 
% in Experiment 4 agreed better with those 
(80-88 %) reported by LINDGREN (1975), 
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Table 6. Apparent metabolizable energy content (±SD) of the protein sources 
(Experiments 4 and 5). 











Whole HG-RS (Span) 
Ground HG-RS (") 
Whole LG-RS (Ante) 
Ground LG-RS (") 
Hens: 
Basic diet 
Whole HG-RS (Span) 
Ground HG-RS (") 
Whole LG-RS (Aine) 
Ground LG-RS (") 
HG-RSM 
Pea 1 (Jo 7637) 
Pea 2 (Jo 6728) 
Expt. 5 cocks 
Basic diet 
RSM 1 (HG) 
RSM 2 (HG) 
RSM 3 (Sigga) 




























































































a-d Means with a different superscript letter are significantly (P < 0,05) different 
KESTING (1977) and AHLSTRÖM (1978). The 
72-73 % digestibility of organic matter was 
clearly lower than the 80-81 % reported by 
LINDGREN (1975) and AHLSTRÖM (1978). 
Horse bean Arla had higher (P < 0,001) ME 
value than the Mikko cultivar (Table 5). 
Tannin levels were approximately same in each 
bean. The AMEn values 13,39 and 12,57 MJ/kg 
DM are approximately same as LINDGREN 
(1975) and MATEOS and PUCHAL (1981) 
reported but higher than WARING and SHAN-
NON (1969) GUILLAUME (1978) presented. The 
digestibility of organic matter, crude fat and 
carbohydrates of the Mikko cultivar were 
significantly lower than those of the Arla 
cultivar. Protein digestibility was 2-7 % units 
lower than some earlier studies have reported 
(WARING and SHANNON 1969, LINDGREN 
1975, HERSTAD 1978, GRUHN et al. 1982). 
Wheat protein concentrate had a relatively 
high ME value (14,96 MJ/kg DM), i.e. 
approximately 70 67o of GE (Table 5). Digesti-
bility of organic matter was 79,4 and its 
constituents 78,3-81,4 % (Table 8). 
ME and digestibility of Pekilo and Silva 
The ME value of Silva was somewhat higher 
than that of Pekilo (12,11/11,42) in Experiment 
1 (Table 5), the former being 58 % and the 
latter 54 % of the GE value. This was due to 
the higher digestibility of fat (P < 0,001) and 
carbohydrates (P < 0,001) in Silva, which also 
caused the higher digestibility of organic matter 
(P < 0,05, Table 8). The protein digestibility of 
Pekilo and Silva were 84,4 and 82,8 % 
respectively, corresponding to the values of 
80-85 % reported for SCP products by 
WEERDEN et al. (1970, 1977), GREIFE et al. 
(1979, 1981) and GUILLAUME and GOMEZ 
(1980). BJORNSTAD (1977) determined the 
protein digestibility of Pekilo as 81,3 % in 
laying hens. The digestibility of carbohydrates 
was low of 26 % and the 32 % value for Silva 
was apparently due to the different carbohydra-
te compositions. According to SALO (1977), 
Silva contains more sugar and less cellulose 
than Pekilo. 
The ME value of Pekilo (10,59 MJ/kg DM, 
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Table 7. Correlation coefficients of some chemical constituents on metabolizable 
energy of rapeseed meals. 
Chemical constituent 









0,25 P = 0,045» 
0,67 P = 0,00"" 
0,45 P = 0,001"»» 
Table 8. Apparent digestibility (%) of protein sources (Experiments 1 and 3). 









Basic diet 75,3±2,5 72,1±2,3 76,6±3,3 76,1±2,7 
LG—RSM (Tower) 53,2±2,8 74,0±2,9 64,6±3,7 34,4,±4,4 
Pea 72,3±2,4 73,3±2,1 77,5±2,3 71,7±3,3 
Horse bean (Arla) 74,5±3,0 78,0±3,5 81,1±1,7 72,6±3,1 
" 	"(Mikko) 72,1±2,2** 75,1±2,8 77,8±1,3"" 70,4±4,3"- 
Pekilo 60,5±2,1 84,4±4,2 77,6±1,1 26,4±3,6 
Silva 64,3±3,0» 82,8±3,1 90,2±1,2""" 31,9±3,5"» 
Expt. 3 chicks 
Basic diet 73,3±1,0 73,6±3,4 67,5±2,0 74,4±2,8 
Dried skimmed milk 75,2±3,0 83,2±4,1 (75) 69,8±2,7 
WPC 79,4±2,1 80,3±3,4 81,4±5,0 78,3±2,0 
Pekilo 59,9±2,6 77,0±1,3 66,3±3,4 32,0±6,7 
" 	P < 0,05 Arla vs. Mikko, Pekilo vs. Silva 
** P<001 " 
""". P < 0,001 " 
Expt. 3) evaluated on the chicks agrees with the 
corresponding result of BJORNSTAD (1977), 
which was 10,5 MJ/kg DM. The protein 
digestibility 77 % was lower than that 
determined on hens, but the Pekilo samples 
originated from different lots. Digestibility of 
organic matter was approximately the same in 
each experiment. 
ME and digestibility of animal products 
On the basis of chemical composition it was 
expected that the ME value of MBM 1 would 
be appreciably higher than that of MBM 2 
(Expt. 2). The values determined on laying 
hens were 12,36 and 7,35 MJ/kg DM 
(P < 0,001), which represented 69 % and 53 % 
of GE, respectively (Table 5). Meat and bone 
meals which contain 45-50 % protein and 
10-20 % fat in dry matter have been shown to 
contain 10,1-13,4 MJ/kg DM (LEEsoN et al. 
1974, SUNDSTOL et al. 1976, JANSSEN et al. 
1979). The values of meals which resemble 
MBM 2, and contain more fat, range from 7,4 
to 8,6 MJ/kg DM (HÄRTEL et al. 1977, SALO 
et al. 1982, ANON 1983). 
The AME, value of dried skimmed milk 
(DSM) was 12,24 MJ/kg DM (Table 5). 
Analysis table values range from 11,3 to 13,3 
MJ/kg DM (HÄRTEL et al. 1977, SUNDSTOL et 
al. 1977, SALO et al. 1982, ANON 1983). The 
energy value on DSM for poultry is relatively 
low because lactose is not completely digested 
and mature hens have less tolerance to lactose 
than young birds (ATKINSON 1957). LENKEIT 
and BECKER (1939) and Fox and BRIGGS 
(1959) reported that approximately 50 % of the 
lactose was absorbed in chickens and laying 
hens and HÄRTEL (1977) showed a digestibility 
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Basic diet 74,5±0,3 75,6±1,6 60,6±2,5 76,1±3,2 
Whole HG—RS (Span) 49,0±2,6 60,0±3,4 59,1 ±5,1 21,0±10,9 
Ground HG—RS (") 58,3±3,0 61,6±5,2 81,3±5,6 21,8±5,0 
Whole LG—RS (Ante) 45,3±6,3 64,3±6,9 52,9±5,4 20,0±14,6 
Ground LG—RS 57,8±1,5 58,8±5,6 77,8±2,9 27.3±5,2 
Hens: 
Basic diet 75,0±1,3 73,3±2,4 69,7±2,4 75,5±1,6 
Whole HG—RS 53,4±3,4 64,3±3,1 69,5±6,5 21,8±7,2 
Ground " 63,4±2,3 68,0±3,1 85,9±2,5 29,4±6,1 
Whole LG—RS 48,4±2,4 70,1 ±1,3 49,1 ±3,4 27,2±5,0 
Ground " 62,3±2,4 78,0±2,6 77,0±1,6 28,5±5,6 
HG—RSM 47,0±2,8 69,1±2,2 53,7±6,2 29,5±7,1 
Pea 1 (Jo 7636) 71,5±1,8 79,7±2,1 45,2±3,1 70,7±2,0 
" 	2 (Jo 6728) 73,2±1,0 83,0±2,6 66,5±9,6 72,2±1,4 
Expt. 5 cocks 
Basic diet 78,0±0,2 72,6±1,7 57,8±0,7 79,5±0,05 
RSM 1 (HG) 48,0±4,8a 75,8±1,6a 56,8±5,2a 23,6±12,5a 
RSM 2 (HG) 54,7+4,6b 74,6±4,0a 78,7+2,2b 35,6+7,2ab 
RSM 3 (Sigga) 57,9±2,2b 79,5±2,0b 66,5±3,1C 39,6±3,6b 
RSM 4 (Vankka) 
a-c P < 0,05 see Table 6. 
57,7±3,4b 80,3+1,8b 71,9±3,9d 38,4±5,9b 
of 61 % for sugars of dried skimmed milk 
determined on laying hens. In the present study 
a value of 69,8 % was obtained on chicks. 
Digestibility of DSM crude protein was 83,2 
% in the present study and is lower than the 
few published values 85-89 % (SuNDser0L et 
al. 1976, HÄRTEL et al. 1977). 
ME and digestibility of ingredients by 
chick vs. hen 
In Experiment 2 the ME value of the pea was 
11,69 for chicks and 12,76 MJ/kg DM for hens 
(P < 0,001, Tables 5 and 10). A significant 
(P < 0,001) difference between chicks and hens 
was also ascertained in the AMEn value of 
MBM 1 (10,06/12,36). PETERSEN et al. (1976) 
have shown that mature hens have the ability 
to utilize a greater percentage of the energy 
available in numerous feeds than young chicks. 
For example the ME contents of the pea were 
9,1 and 11,9 MJ/kg DM and those of meat meal 
10,4 and 12,5 MJ/kg DM for chicks and hens, 
respectively. 
With regard to the rapeseed products some 
researchers have reported that the ME of RSM 
increased with the age of the chicken (LopHi 
et al. 1969 a, RAO and CLANDININ 1970, 
MARCH et al. 1973, BAYLEY et al. 1974). The 
difference in the AMEn values of LG-RSM 
determined on chicks and hens was small and 
non-significant (Tables 5 and 10), but with 
regard to rapeseed significant differences were 
found between chicks and hens in terms of 
AMEn, digestibility of organic matter and crude 
protein (Tables 6, 9 and 10). The crude fat and 
carbohydrates of the HG-seed were also 
significantly better digested by hens than 
chicks. 
35 
Table 10. Statistical significance of differences between ingredients, whole vs. ground 























































Whole vs. ground RS 
HG—RS vs. LG—RS 
Hens 
Whole vs. ground RS 
HG—RS vs. LG—RS 
Pea 1 vs. Pea 2 





NS = non-significant 
" 	P < 0,05 
P < 0,01 
"'EO P < 0,001 
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SELOSTUS 
Eräiden valkuaisrehujen sulavuus ja energia-arvo siipikarjalla 
Tuomo KIISKINEN ja LEA HUIDA 
Maatalouden tutkimuskeskus 
Kotimaassa tuotettujen valkuaisrehujen muuntokelpoisen 
energian arvoa (ME) ja sulavuutta selvitettiin käyttämällä 
ulosteiden kokonaiskeräilyyn perustuvaa erotusmenetel-
mää, jossa tutkittavaa rehua sekoitetaan tietyssä suhteessa 
penisrehuun. Kokeissa käytettiin sekä täyskasvuista siipi-
karjaa että poikasia, ja tutkittavina rehuina olivat: rypsi-
(rapsi-) jauhot, rypsinsiemenet, palkokasvien siemenet 
(herne, härkäpapu), yksisoluvalkuaiset (Pekilo, Silva), veh-
nävalkuaistiiviste, lihaluurehujauhot ja kurrijauho. 
Muuntokelpoista energiaa rehut sisältävät seuraavasti: 
rypsirapsi-) jauhot 7,00-10,21 MJ (1,67-2,44 Mcal), 
rypsinsiemenet (jauhetut) 17,11-18,97 (4,09-4,53), herne 
11,69-13,23 (2,79-3,16), härkäpapu 12,57-13,39 (3,00-
3,20), vehnävalkuaistiiviste 14,96 (3,57), Pekilo 10,59-
11,42 (2,53-2,73), Silva 12,11 (2,98), lihaluurehujauhot 
7,35-12,36 (1,75-2,95) ja kurrijauho 12,24 MJ (2,92 Mcal) 
kilossa kuiva-ainetta. 
Rypsi-(rapsi-) jauhojen ME-arvon suuri vaihtelu johtui 
pääasiassa sen rasva-(öljy-) pitoisuuden vaihteluista, jota il-
mensi voimakas korrelaatio (0,67) niiden välillä. Kaksinolla-
lajikkeiden valkuaisen sulavuus vaihteli 75-80 ja yksinolla-
lajikkeiden 70-75 %. 
Rypsinsiementen jauhaminen lisäsi niiden ME-arvoa noin 
30 %dia. Lisäys johtui pääasiassa rasvan sulavuuden paran-
tumisesta. Merkitseviä eroja sulavuudessa ja ME-arvossa 
todettiin rypsi-, herne- ja härkäpapulajikkeiden välillä. Ka-
nat sulattivat Silva-tuotteen rasvaa ja hiilihydraatteja parem-
min kuin Pekilon. Kurrijauhon energia-arvoa siipikarjalle 
alentaa laktoosin verrattain huono sulavuus (69,8 %). 
Poikasilla saadut rypsinsiementen, herneen ja lihaluure-
hujauhon ME-arvot olivat merkitsevästi pienempiä kuin 
kanoilla määritetyt arvot. Täyskasvuiset kanat sulattivat 
rypsinsiementen orgaanista ainetta ja valkuaista paremmin 
kuin poikaset. 
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RESEARCH NOTE 
PESTS OF CULTIVATED PLANTS IN FINLAND IN 1983 
MARTTI MARKKULA 
MARKKULA, M. 1984. Pests of cultivated plants in Finland in 1983. Ann. Agric. 
Fenn. 23: 39-42. (Agric. Res. Centre, Inst. Pest Inv., SF-31600 Jokioinen, Finland.) 
The damage caused by about fifty insects and other animal pests on cereals, forage 
plants, root crops, vegetables, rape, sugar beet, pea, apple, berries and other 
cultivated plants in Finland in 1983 is reported from the results of questionnaire 
surveys. 	• 
The growing period was warmer than normal and partly dry, too. The answers to 
inquiries showed that the average abundance of ali pests, in terms of a 1-5 value 
scale, was 2,5, which is slightly less than during the ten-year period 1965-1974 (2,6). 
Meligethes aeneus was very abundant on cultivations of oil seed rape. It also cansed 
extensive damage to maturing cauliflower and gnawed the leaves of cabbage and 
swede. 
Trioza apicalis and Psila rosae caused more damage than usual. The numbers of 
these pests seem to be rising. 
The most important apple pests, Cydia pomonella and Argyresthia conjugella were 
very scarce. In apple orchards Microtus agrestis and Arvicola terrestris caused more 
severe damage than usual. 
Index words: plant pests, severity of damage, frequency of damage, 1983, Finland, 
Meligethes aeneus, Trioza apicalis, Psila rosae, Cydia pomonella, Argyresthia conjugella, 
Microtus agrestis, Arvicola terrestris. 
The survey is based on replies to inquiries sent 
to the advisers at Agricultural Advisory 
Centres. The network of 200 advisers covers ali 
461 municipalities. Four inquiries were sent to 
the advisers during the growing season, and 
replies were received as follows: 
Replies % Munici- % 
palities 
Spring inquiry 117 62 158 34 
First summer inquiry 114 60 166 36 
Second summer inquiry 102 54 144 31 
Autumn inquiry 104 55 127 28 
Each inquiry requested an estimate of the 
severity and frequency of damage caused by the 
insects and other pests specified in the 
questionnaire. A scale of 0-10 was used to 
estimate the severity of damage, and the 
frequency of damage was estimated as the 
percentage of cultivations in which damage had 
occurred in each observation area. 
In the autumn inquiry the advisers were also 
asked to make a general estimate of the 
abundance of each pest throughout the growing 
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season. A scale of 1-5 was employed for this: 
very sparse, sparse, normal, abundant, very 
abundant. The same inquiry requested an 
estimate of the percentage of apples damaged 
by Argyresthia conjugella and Cydia pomonella, 
and of pea pods damaged by Cydia nigricana. 
Altogether 212 municipalities were reported 
on by the advisers. 
Spring and early summer were warmer than 
usual. The termic growth period began early in 
almost ali parts of the country, in southern and 
western Finland already around April 18, i.e. 
10-18 days earlier than usual. The weather 
continued to be warm, and in the latter half on 
the summer it was estimated from the 
accumulated day-degrees that the growing 
season was one to two weeks ahead of normal. 
Frost damaged cultivations in several locations 
in June and August. The rainfall during the 
growing season was approximately normal. 
In spite of the warm and partly dry growing 
season most pests occurred in small numbers. 
The average abundance of pests, in terms of the 
1-5 scale, during the entire growing season 
was 2,5, i.e. slightly less than during the ten-
year period 1965-1974 (2,6), but clearly 
greater than the previous year (2,0) (MARKKU-
LA 1983). 
Only some pests caused more than average 
damage during the ten-year period 1965-1974 
(Table 1). There were only a few pests in cereal 
and forage crops in particular. 
In four successive summers Meligethes aeneus 
has caused economically significant damage of a 
novel kind. At the end of the summer it has 
moved from ripening rape to cauliflower 
cultivations and started to feed on maturing 
cauliflower heads. The small, tightly packed 
gnawed holes soon blacken and reduce the sales 
value. Up to 30 percent of the crop has 
'deteriorated from first to second class quality 
or even become unmarketable. In 1983 excel-
lent control was achieved in an experimental 
field of trap crops, sunflower, Helianthus 
annuus, Calendula officinalis and rape. 
In some locations in southern and south-
western Finland large numbers of Meligethes 
beetles were encountered feeding on the leaves 
of cabbage and swede. This kind of feeding 
behaviour is quite new in Finland, as was the 
switch to cauliflower four years ago. 
The higher abundance and new feeding 
habits of M. aeneus are at least partly due to 
the recent increase in the cultivation of rape. 
On the other hand it should be noted that the 
abundance of other rape pests has not .changed 
appreciably. 
Pests attacked sugar beet and peas only 
slightly. According to the inquiry results, 
Cydia nigricana damaged only 5 To of the pea 
pods; the average for 1965-1974 was 14 To 
The most important pests of carrot, Trioza 
apicalis and Psila rosae, caused more damage 
than usual. It seems that their abundance is 
now increasing after many years of low 
population levels. In the experimental plots of 
the Department of Pest Investigation the 
infestation by T. apicalis was so heavy that clear 
results could be obtained: from companion 
plant experiments cultivation of onion and 
carrot in alternate rows did not reduce carrot 
damage by 1 apicalis. Onion has been 
advocated by the proponents of biodynamic 
and biological farming as an effective control 
method; our experiment showed it to be clearly 
inefficient. 
Apple production was not largely affected by 
pests in 1983. Especially noteworthy was the 
scarcity of the two most important apple pests, 
Cydia pomonella and Argyresthia conjugella. 
Both species were much less abundant than the 
average for 1965-1974 (Table 1). The advisers' 
estimates of damage to apples indicated the 
following: 
percentage of apple replies 
damaged 
1983 1982 1965-74 1983 
Argyresthia conjugella 6 46 31 15 
Cydia pomonella 6 21 22 15 
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Table 1. Results of questionnaires. Severity of damage estimated according to a scale of 0-10. Frequency of damage 




Severity of damage 
1983 	1965-74 
Frequency of damage 
1983 	1965-74 
CEREALS 
Rhopalosiphum padi (L.) 82 1,1 1,2 23 18 
Sitobion avenae (F.) 71 1,1 1,4 22 22 
Oscinella frit (L.) 103 0,6 1,0 9 13 
Elateridae 43 0,4 1,1 5 15 
Phyllotreta vittula (Redtb.) 78 0,4 1,0 8 18 
FORAGE PLANTS 
Amaurosoma spp. 55 1,0 1,5 19 28 
Apion spp. 31 0,5 1,0 15 16 
RAPE AND TURNIP RAPE 
Meligethes aeneus (F.) 55 2,3 1,8 75 40 
Phyllotreta spp. 44 1,1 37 
Ceutorhynchus assimilis (Payk.) 18 0,4 18 
Dasineura brassicae (Winn.) 15 0,3 14 
SUGAR BEET 
Pegomya betae (Curt.) 81 1,4 1,8 39 48 
Chaetocnema concinna (March.) 46 1,4 1,7 42 40 
Lygus rugulipennis Popp. 27 1,2 1,9 35 43 
Aclypea opaca (L.) 22 0,8 1,4 '16 33 
PEA 
Cydia nigricana (F.) 35 1,0 1,9 27 37 
ROOT CROPS AND VEGETABLES 
Pieris brassicae (L.) etc. 44 2,3 1,7 39 29 
Plutella xylostella (L.) 53 2,3 1,6 35 21 
Delia radicum (L.) and 87 1,9 2,0 28 28 
D. floralis (Fall.) 
Phyllotreta spp. on crucifers 72 1,6 2,0 37 38 
Trioza apicalis (Först.) 57 1,4 1,3 27 21 
Psila rosae (F.) 42 1,1 0,8 13 10 
Delia antiqua (Mg.) 43 1,0 1,9 13 21 
Brevicoryne brassicae (L.) 29 1,0 0,8 8 14 
Phaedon cochlearie (F.) 27 0,8 1,1 13 19 
APPLES 
Microtus agrestis (L.) stem damages 47 1,7 1,1 14 8 
Lepus europaeus Pallas and L. timidus L. 50 1,4 1,6 19 15 
Yponomeuta padellus malinellus Zell. 20 1,1 .1,6 21 23 
Aphis pomi (Deg). 31 0,9 1,5 22 24 
Arvicola terrestris (L.) root damages 39 0,9 0,5 10 4 
Cydia pomonella (L.) 45 0,8 2,5 17 42 
Panonychus nimi (Koch.) 	' 46 0,7 1,3 11 21 
Argyresthia conjugella Zell. 44 0,5 3,4 9 46 
Psylla mali (Schmidbg.) 30 0,5 0,9 12 13 
Xyleborus dispar (F.) 25 0,3 0,5 2 4 
BERRIES 
Cecidophyopsis ribis (Westw.) 72 1,9 2,2 23 30 
Tarsonemus pallidus Bks. 49 1,8 2,0 31 28 
Byturus tomentosus (Deg.) 43 1,7 1,7 20 29 
Anthonomus rubi (Hbst.) 42 1,6 1,6 22 26 
Nematus ribesii (Scop.) and Pristiphora 
pallipes Lep. 
50 1,4 1,7 16 16 
Pachynematus pumilio Knw. 41 1,3 1,3 15 21 
Lampronia capitella Cl. 53 1,2 1,9 23 22 
Aphididae on Ribes spp. 40 1,2 1,8 24 26 
Tetranychus urticae (Koch.) 30 1,1 1,3 13 21 
Zophodia convolutella (Hbn.) 34 0,5 0,9 7 12 
PESTS ON SEVERAL PLANTS 
Hydraecia micacea (Esp.) 39 1,0 1,2 21 21 
Deroceras agreste (L.) etc. 32 1,0 1,3 27 24 
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	Microtus agrestis and Arvicola terrestris 	was very scarce in apple orchards. 
caused more damage in apple during the winter 	There were only slight pest attacks on 
than in the period 1965-1974. Lepus timidus berries. 
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SELOSTUS 
Viljelykasvien tuhoeläimet 1983 
MARTTI MARKKULA 
Maatalouden tutkimuskeskus 
Kasvukausi oli huomattavasti normaalia lämpimämpi ja 
osin poutainenkin. Sen vuoksi odotettiin, että tuholaiset 
aiheuttaisivat suuria taloudellisia vahinkoja. Maatalouskes-
kusten piiriagrologien esittämien arvioiden mukaan tuhojen 
ankaruus jäi kuitenkin alle tavanomaisen. Tuholaisten run-
sausluku oli katsausvuotena 2,5 ja vertailukautena 1965-
1974 2,6. 
Rapsikuoriaiset (Meligethes aeneus) esiintyivät edellis-
vuottakin runsaslukuisempina Etelä- ja Lounais-Suomessa 
ja aiheuttivat myös uudenlaista vioitusta: kaivoivat keräkaa-
lin ja lantun lehtiä. Rapsikuoriaisen joukkoesiintyminen ja 
uudenlainen käyttäytyminen olivat ilmeisesti yhteydessä 
pääravintokasvin, rypsin viljelyn yleistymiseen ja siihen, et-
tä rypsin loppukesällä tuleentuessa uuden polven kuoriais- 
ten on löydettävä nopeasti uutta ravintoa. 
Porkkanan pahimmat tuholaiset, porkkanakemppi (Tri-
oza apicalis) ja porkkanakärpänen (Psila rosae) tekivät ta-
vanomaista pahempaa jälkeä porkkanaviljelyksillä. Näyttää 
siltä, että ne ovat monien vuosien jälkeen nousemassa uu-
delleen merkittävimpien tuholaisten joukkoon. 
Omenakääriäisen (Cydia pomonella) ja pihlajanmarjakoin 
(Argyresthia conjugella) esiintyminen oli poikkeuksellisen 
niukkaa. Vioitukset jäivät huomattavasti vähäisemmiksi 
kuin edellisvuotena ja kymmenvuotiskautena 1965-1974. 
Marjakasveissa oli vähän tuholaisia. 
Katsaus on julkaistu laajempana Maaseudun Tulevaisuu-
den liitteessä Koetoiminta ja Käytäntö 31.1.1984. 
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Kannattaako palkokasvien viljely. Karjatalous 59, 5: 5-
6. 
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activities in the salivary glands of Lygus rugulipennis 
(Hemiptera, Miridae). Ann, Ent. Fenn. 49: 1-10. 
Maatalouspolitiikan laitos 
Department of Agricultural Policy 
IHAMUOTILA, R. Suomen maatalouselinkeinon pääomakan-
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Terminologi innan arbeitforskning. Rapport fra NJF 
Sektion VII-teknikk. Lantbruksteknisk institutt Serie 
A 724: 13. 
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Biologinen typensidonta peltokasvien viljelyssä. Suo-
men Akatemian tutk. sop. no. 383 loppuraportti. p. 
221-313. 
CARLBERG, G. Bakteeri torjuu kärpäset. Tiede 2000, 4-5: 
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viljelyssä. Suomen Akatemian tutk. sop. no. 383 
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fungi. Biotechnology in the pulp and paper industry. p. 
152-173. Int. Conf. 12-14 th Sept. 1983. London. 
BusWELL, J., PIRHONEN, T. & Uusi-RAuvA A. Degra-
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